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Each  member  shall  be  entitled  to  take  from  the 
Library,  one  folio,  or  one  quarto,  or  two  of  any  lesser 
fold,  with  the  plates  belonging  to  the  same,  upon 
signing  a  receipt  for  the  same,  and  oromising  to 
make  good  any  damage  which  may  be  sustained 
when  in  their  possession,  or  to  replace  the  same,  if 
lost. 

No  person  shall  lend  any  book  belonging  to  the 
Institute,  except  to  a  member,  under  a  penalty  of 
one  dollar  for  cFery  offence. 

The  Directors  may  permit  other  persons  than 
members  to  use  the  Library.  No  member  flhall  de- 
tain any  book  longer  than  four  weeks,  after  being 
duly  notified  that  the  same  is  wanted  by  another 
member,  under  a  penalty  of  twenty-fire  cents  per 
week. 

On  or  before  the  first  Wednesday  in  May  all  books 
shall  be  returned,  and  a  committee  of  the  Directors 
appointed  for  that  purpose  shall  examine  the  Library 
and  make  a  report  of  its  condition  at  the  Annual 
Meeting.   « 
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EDITOR'S  PREFACE. 


Notwithstanding  the  number  and  variety  of  text  books 
on  Natural  Philosophy  now  before  the  public,  the  peculiar 
excellences  of  Professor  Tate's  treatise,  together  with  the 
expressed  desire  of  son^e  of  our  most  eminent  teachers  that  it 
might  be  made  available  to  them  in  their  instructions,  seemed 
to  c^  for  its  republication  in  this  country.  It  was  originally 
prepared  as  one  of  a  series  of  text  books  for  the  use  of  the 
masters  and  students  of  the  Battersea  College,  near  London ; 
and  how  well  it  has  fulfilled  its  purpose  is  evident  from  the 
high  conunendadons  bestowed  upon  it  by  Her  Majeity's  In- 
spectors of  Schools,  and  the  Committee  of  Council  on  Edu- 
cation. 

As  a  text  book  for  schools,  it  appears  to  embrace  all  the 
essential  requisites.  The  principles  of  the  science  are  clearly 
and  concisely  stated,  with  their  practical  application  to  the  arts 
of  life  and  the  phenomena  of  nature.  The  experiments  are 
instructive  and  interesting,  requiring  for  the  performance  of 
most  of  them  but  a  trifling  expenditure  for  apparatus.  Ex- 
amples and  problems  to  exercise  the  student,  with  numerous 
diagrams  for  illustration,  per^'ade  the  work. 

The  article  on  Astronomy,  with  the  use  of  the  globes,  is  a 
small  but  very  useful  introduction  to  one  of  the  most  interesting 
sciences ;  the  illustrations  are  numerous  and  good ;  some  of 
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EDITOR'S  PREFACE. 


NoTWiTHSTANDiNO  the  number  and  variety  of  text  books 
on  Natural  Philosophy  now  before  the  public,  the  peculiar 
excellences  of  Professor  Tate's  treatise,  together  with  the 
expressed  desire  of  son^e  of  our  most  eminent  teachers  that  it 
might  be  made  available  to  them  in  their  instructions,  seemed 
to  c^  for  its  republication  in  this  country.  It  was  originally 
prepared  as  one  of  a  series  of  text  books  for  the  use  of  the 
masters  and  students  of  the  Battersea  College,  near  London ; 
and  how  well  it  has  fulfilled  its  purpose  is  evident  from  the 
high  commendations  bestowed  upon  it  by  Her  Majeity's  In- 
spectors of  Schools,  and  the  Committee  of  Council  on  Edu- 
cation. 

As  a  text  book  for  schools,  it  appears  to  embrace  all  the 
essential  requisites.  The  principles  of  the  science  are  clearly 
and  concisely  stated,  with  their  practical  application  to  the  arts 
of  life  and  the  phenomena  of  nature.  The  experiments  are 
instructive  and  interesting,  requiring  for  the  performance  of 
most  of  them  but  a  trifling  expenditure  for  apparatus.  Ex- 
amples and  problenLs  to  exercise  the  student,  with  numerous 
diagrams  for  illustration,  per^'ade  the  work. 

The  article  on  Astronomy,  with  the  use  of  the  globes,  is  a 
small  but  very  useful  introduction  to  one  of  the  most  interesting 
sciences ;  the  illustrations  are  numerous  and  good ;  some  of 
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them  aniqae,  and  most  of  them  of  a  superior  order ;  the  wiodd 
liiioftj  showing,  by  a  saggestive  course  of  reasoning,  how  the 
student  may  be  led  to  reflect  and  reason  upon  the  knowledge 
communicated  to  him,  will  be  read  with  interest  bj  those 
engaged  in  teaching. 

In  addition  to  the  aubjects  usually  embraced  in  a  course  on 
Natural  Philosophy,  it  contains  an  article  on  Experimental 
Chemistry,  which  is  a  familiar  exposition  of  the  principles  of 
the  science,  with  their  practical  application  to  agriculture. 
This  must  greatly  enhance  the  value  of  this  manual  in  those 
schools  where  time  and  means  will  not  allow  the  use  of  a  more 
extended  treatise. 

Such  aherations  in  the  arrangement  of  the  matter  and  in 
modes  of  expression,  together  with  important  additions  to  the 
text  of  the  original,  have  been  made,  as  were  considered  neces- 
sary to  adapt  it  to  use  in  this  country.  A  series  of  questions 
is  appended  to  the  work  for  the  acconmiodation  of  those  who 
may  desire  to  use  them. 
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lleCQct  Stands,  iron,  three  rings. 
I  Ktftorts,  gla»»  plain  and  tubulated. 

Ueturt,  iron,  for  making  ozygm. 

l{et:«ivers,  class. 

^^ahs  and  u  eights. 

Stirring  Rods,  glaas* 

t>top-ctK:ka»  briM. 
••         jets. 


Xnt  tubes. 
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NATURAL  AND  EXPERIMENTAL 
PHILOSOPHY. 


INTRODUCTION. 

• 

1.  The  general  laws  of  nature  are  divisible  into  the  four 
classes  of,  I.  Pbtsics,  oflen  called  Natural  Philosophy; 
IL  Chemistry;  III.  Life,  commonly  called  Physiology; 
and,  IV.  Mind. 

2.  The  lavs  of  Frtbxcs  gorcm  every  phenomenon  of  nature  in  which 
there  is  any  sensible  change  of  place. 

3.  The  great  physical  truths  are  reduced  to  four,  and  are  referred  to 
by  the  terms  Atom,  Attraction,  Jlepulsion,  and  Inertia. 

4.  Solid  bodies  existing  in  conformity  with  these  truths,  exhibit  all 
the  phenomena  of  Mechanics;  Liquids  exhibit  those  of  Hydrostatics 
and  Hydraulics ;  Air$  those  of  Pneumatics ;  and  Impoftde^^lea  those  of 
Heat,  Light,  Electricity,  and  Magnetism. 


MECHANICS. 

LAWS   OP  MATTER   AND   MOTION. 

5.  Mechanics,  in  its  most  comprehensive  sense,  treats  of 
the  laws  of  rest  and  motion  of  material  bodies.  Statics  treats 
of  the  equilibrium  of  solid  bodies,  and  Dynamics  treats  of  the 
motion  of  solid  bodies.  Hydrostatics  treats  of  the  equilibrium 
of  fluid  bodies,  and  Jfydro-dtpiamics  {Hydraulics)  treats  of 
the  motion  of  fluid  bodies. 

CU) 


C^    Ximrr  *  CTiim  -?  i*   i  ^  zs  -r^.rr-'**^^  ^ix'h  affect 

»  1^'.^  -.  :'.r  .!»*-».      T:-  i    *     ••  .1    x  .    .  -  >     .-    :•:  -laratire 


«f  tare.  Ja  X&/CUK  »  ^Uii  "u  :«  w  "  •-«>     '^  Azr  lie  RXLgfe.it  fpaces 
oscnb«d  SK  ««-*xaf  ^nns  roL'ZiiJ^'^  n^-r-x^e.  :^if  mrian  e  ssid  to  be 

the  xrjcrcssc  .t  ^ojT-r«s?    z  '^  jtjl^-*  '-i-^^*  ♦  ~x  .:i.  rri^  s^cccsestc  por- 

^  Velov  :tt-  T*'-*  T^f  .1-  -7  r:*  1  r»>:7  i?  n-afcr^  bj  the 
space  unlromilT  r^t^^-^i  cf  :r  jz  i  r   ■:-  i-ir^s- 

Wben  tbe  crcocB  c£  1  ^vxrr  »  «L"'-r  j-nr-i  jr  rrtirjrd.  tie  rdodtj  is 
DoC  mcaaued  br  ibt  «««  A.r.;alLx  T*s^oi  c»^  :3.  x  zr:^Ta.  ti=c.  baC  bf  • 
the  fpibce  trh:ch  voc^  hav-  :xfvn  Tw-vjcc  r-^r  ^  ii«:  pria  nry  if  the 
iDOUon  bad  ooDti&ued  is^jrzi  ir.-zr  i.\j:  t  .^i. 

9.  MoiiE>TrM.  T:Nf  3: -~tr  -t:;  ct*  a  lo^x  t  ir?  qoantitj 
of  motion, and  is  measar^  It  tr^  ^ .  "d:  c:'  il-e  boij  muhiplied 
bj  its  velocitv. 

The  quantitj  of  motion,  or  Bscractirinr*  z£  1  f=tiZ  brdr  test  be  as 
great  as  that  of  a  larvrc  KxIt  ;  Vr  ix «—'  :,\  if  trj  r^ Vxirr  d  a  musket 
ball  be  100  times  the  vekcitT  a  a  h.avx  >j" — ^-y.  'ch  ,;h  is  !C0  times 
the  weight  of  the  ball,  then  their  Ko:-.-r.:a.  cr  cv^r-t.ii.s  cf  E:o:ic?i,  will 
be  the  same.  The  dcficiaicy  of  wci^-h:  la  iho  K-'l  is  irt  !.•»  ut»  ty  its 
excess  of  velocity, 

^^^len  a  person  ninninsr  strike^  n*r"»irjt  an  o.St*::t\  h<r  <i:!Tc7«s  a  coHisiaa 
forrcFponding  to  his  weight  and  tlic  .-^xwl  »it  x\hi,h  ho  i-  rrrvirc. 

If  two  bodies  moving  in  the  riihc  tlirv\ti«v\  c\^n;o  ir.to  o  ll^-ion  with 
fflch  other,  the  forro  of  coUijiinn  is  moa^unxi  >^v  the  r.  •"  •<  .v  of  their 
iiinti^mtii;  Init  if  l\\\y  aiL^  ;i  iniiig  iu  opposite  dircvtions  the  forre  of 
iv»Uijikrti  w  much  RTent-r,  far  it  is  equal  to  the  ^ntm  of  their  momenta. 
llimce  it  iju  thnt  the  coUi-inn  of  railway  trains  whan  movinj:  in  opposite 
^tPfetionSs  is  much  more  tcrrifio  tlian  when  they  are  nx^-ing  in  the  same 
4ireirtio(n. 

10.    FoucK  is  tliat  which  produces,  or  tends  to  pi-oduce, 
*—  i->  «  t^y ,  ^^  Ij  jj  ^jjj^j  which  changes  the  unifonn 
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PROPERTIES    OF   MATTER.  18 

and  rectilinear  motion  of  a  body.    Thus  pressure,  impulse, 
gravitj,  &€.,  are  ctd\ed  forces, 

AVhcn  a  force  acts  only  for  an  instant,  it  is  called  imptUahe ;  and  when 
it  acts  without  intermission,  it  is  called  a  constant  force.  Con&tant  forces 
may  be  either  uniform  or  variable*  A  force  is  uni/onn  when  it  idwajs 
produces  equal  effects  in  e^ucU  successiye  portions'  of  time ;  and  it  is 
variable  when  the  effects  produced  in  equal  portions  of  time  are  unequaL 

11.  Matter  is  either  ponderable  or  imponderable.  Pon- 
derabie  bodies  have  an  appreciable  weight;  imponderable 
bodies  comprise  those  subtile  fluids  which  have  no  appreciable 
weight,  such  as  lights  heatj  magnetism^  and  electricity, 

12.  Forces  ai'e  known  to  us  only  by  the  effects  which  they 
produce. 

In  order  to  estimate  the  magnitude  of  forces,  we  most  compare  the 
effects  which  they  produce  under  the  same  circumstances.  A  force  may 
be  estimated  by  the  preeeure  which  it  produces  upon  some  obstacle ;  or 
it  may  bo  estimated  by  the  motion  which  it  produces  in  a  body  in  a 
given  time.  lo  the  former  case  the  measure  of  the  force  is  said  to  be 
etaiicalt  and  in  the  latter  case  dj/namiooL 


PROPERTIES   OF  MATTER. 

13.  The  properties  of  matter  are  usually  divided  into 
primari/y  or  essentialy  and  secondary^  or  non-essential. 

The  former  arc  those  without  which  we  cannot  conceive  matter  to 
exist ;  the  latter  arc  those  which,  depending  upon  the  particular  laws 
impressed  upon  different  substances,  do  not  necessarily  enter  into  our 
abstract  conceptions  of  matter ;  thus,  for  example,  had  it  pleased  the 
Creator,  the  law  of  gravitation  might  have  been  different  from  what  it  is ; 
or,  in  the  place  of  the  law  of  perfect  elasticity,  observed  in  some  bodies, 
all  the  forms  of  matter  might  have  been  practically  imtomprcssible. 
It  is  obvious,  therefore,  that  the  secondary  properties  of  matter  could  not 
have  become  known  to  us  anterior  to  observation  and  experiment.  The 
relative  adaptation  of  these  secondary  properties  of  matter  to  the  condi- 
tions and  constitution  of  the  imiverse,  affords  the  most  striking  evidence 
of  the  existence  and  attributes  of  a  great  and  intelligent  cause. 

14.  The  primary  properties  of  matter  are  Extension  and 
ImpeMtrabHUy.    The  most  important  secondary  ptoperti^^ 
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14  XATCRAL    AXD    tXrERIXEKTAL    PHILOSOPIIT. 

(onsiden^  in  r^-Iation  to  m'vhanical  scietice.  are  Compresst- 
Ulity,  £jynnr>hin'tr,  Z^.'/-.^.^  W'y,  Co.hfS^'on,  Elasticity^  Mobility, 
Inertia,  an«l  Urari'y. 

l.j.  KxTLN>iox  i-  !hit  property  Dilierebj  every  body 
mu-t  occupy  a  c^nain  limited  spare.  We  necessarily  oonceiTe 
every  bo^ly  lo  have  l»'n,:th,  bnailth,  and  thickness. 

ir».  IwrENtTRABiLiTT  is  that  property  whereby  no  two 
Fubatancca  can  occupy  the  same  space  at  the  8ame  instani  of 
time. 

17.  CoMPRES^iBiLiTT  and  ExrAXsiBiLiTT  are  those  prop- 
erties by  virtue  of  which  l<hlies  may  be  made  to  occupy  a 
smaller  or  hir-rer  space. 

Thr  «j«ofpTi'  i'.ity  to  ccmrrrsj-ion  jihows  that  all  bodies  nrast  contaia 
pnrrs  or  ^^^^  ^ct^vc^?n  the  ultimate  particles  or  atoms  of  which  they 
arc  conip^-'d,  ainl  that  there  is  no  substance  in  nature  which  is  absolutely 

iw.!l  1. 

In  (Mn«'^i"'*^^<'  ^^^  ^^-^^  pn^»>ortu^  Kxiics  difTcr  very  much  in  density. 

\Vhr>n  lx>l  p-  have  tho  «n»n.^  ^..*  \  or  volume,  their  densities  are  measured 

b%' their  wri^ht*.     'lh\«s  a  cul  i  ^  f>^t  of  copper  weighs  nine  times  as 

h  tt*  »  cul'ie  ftvn  of  \v,M'.  r ;  hoiu'o  copix^r  possesses  nine  times  the 

T^^y.or^lK^ino^:ra^it^^of^v.t.r. 

m     Divisinn.iiY.     1  h^ro  is  no  limit  to  the  mathematical 
option  of  iIk»  liixi-ilulify  of  spatv ;  but  the  doctrine  of 

mic  tlu*orv  8cein<  to  iiulicaie  that  tbere  is  a  practical 
tlic  atomic 
limit  to  the  .liviMlm.tv  ot  luat.cr. 

on  wiih  otir  Ji\i''i<^n.  we  mu?t  finally  azrire  at  a  certain 
In  f:^^"^       ,^   ^  ^j^^^.^j  ^j-  niuttvT,  wliich,  from  its  constitution,  no 


^tllint(ue  P»  ^  ^^^  popHi-ation  into  parts.     Nature  presents  us  with  various 

long^  *^"V^^linute  diN-wons  of  the  particles  of  matter. 
^grvcUously  nun 

^,ox,  or  the  attraction  of  cohesion,  is  that  prop- 


J9,    to»  ■'    .       ,^    tjje  atoms  composing  them  are  united 
^„,  of  '^'^''"^  '"         ^ 

i"  *  ""  "       ,    mo.  tit*  tattrem  the  p»rticl»  of  m«tta  wly  t«k«. 
.nji,  ftirc*  «  *^-  -hurt*  iii«t«»M«-    B<^'»  ■"*  '"'"'^  ^'i""''  "" 
%  i»^^I!« L  eoh»iM  of  ihcir  p«rticl« U  modified  by  ho.^ 
*  ^_ddl«l  •*  ""  '    -^  —fi  tme  another,  in  conifqacacc  of 
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Bolidfl,  the  force  of  ooheaon  pDeponderates  over  that  of  rqiulsion ;  and 
in  liquids  the  forces  of  cohesion  and  repulsion  are  presumed  to  be  equal. 

20.  Elasticity  is  that  property  of  bodies  by  M'hicli,  wIuti 
their  fonn  is  altered  by  the  action  of  an  external  fon-e,  they 
reg.ain  their  original  ibrm  as  soon  as  the  external  force  is 
withdrawn. 

All  bodies  possess  this  property  in  a  greater  or  less  degree. 

Most  substances  have  a  limit  to  their  elasticity :  thus,  if  a  straight 
clastic  bar  is  bent  by  a  pressure  applied  to  it,  and  if  this  pressure  does 
not  exceed  a  certain  quantity,  the  bar  wiU  resume  its  original  form  when 
this  pressure  is  removed ;  but,  on  the  contrary,  if  the  pressure  exceeds  a 
certain  quantity,  called  the  limit  of  the  body's  elasticity,  the  cohesion 
of  the  material  is  injured  or  destroyed ;  and  then,  in  this  case,  the  bar 
will  not  return  to  its  original  form  upon  the  cessation  of  the  pressure. 
Bodies  which  have  no  elastia  limit  may  be  called  perfectly  elastic,  such 
as  gases  and  vapore.  % 

Liquids  scarcely  admit  of  compression ;  and  hence  they  arc  called 
non-ekuiic  fluidt,  whereas  gases  and  vapors  are  called  eUiatio  fluids. 
Some  aeriform  bodies,  such  as  carbonic  acid  gas,  have  been  brought  to 
the  liquid  state  by  being  subjected  to  a  high  pressure  and  cold ;  these  are 
called  condemable  gates ;  whereas  some  gaseous  bodies,  such  as  oxygen 
and  nitrogen,  composing  the  atmo^here,  resist  condensation,  whatever 
may  be  the  pressure  and  cold  to  which  they  are  subjected.  These  ga^ 
are  called  permMiently  elastic.  Beams  employed  in  construction  are 
sometimes  considered  perfectly  elastic,  when  their  resistance  to  compression, 
within  their  limits  of  elasticity,  is  equal  to  their  resistance  to  cxtenAon. 

21.  MoBiLiTT,  or  susceptibility  to  motion,  is  that  property 
whereby  a  body  admits  of  change  of  place. 

Motion  may  be  aUoluts  or  relaiive :  thus  a  man  in  a  railway  carriage 
may  be  in  motion  relativefy  to  the  other  objects  in  the  carriage,  while  at 
the  same  time  he  partakes  of  the  absolute  motion  of  the  train.  In  esti- 
mating motion,  there  are  three  things  to  be  conradcred ;  idz.,  the  velocity 
or  quickness  of  the  motion,  the  space  passed  over,  and  the  time  in  which 
that  space  is  passed  over.  The  motion  of  a  body  is  uniform  when  it 
passes  over  equal  space  in  equal  successive  intervals  of  time ;  in  this  case, 
the  velocity  of  the  motion  is  the  distance  in  feet  passed  over  in  one 
second  of  time ;  the  space  is  the  whole  distance  in  feet  moved  over ;  and 
the  time  the  number  of  seconds  in  whit^  the  space  is  described.  In 
tmifbrm  motion,  therefore,  we  hav« 

T3i«apRMM»tlM  YCtoofity  X  the  timt. 
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•igning  a  receipt  for  the  same,  and  nromising  to 
make  good  any  damage  whioh  may  he  sustained 
when  in  their  posseraion,  or  to  replace  the  same,  if 
lost. 

No  person  shall  lend  any  book  belonging  to  the 
Institute,  except  to  a  member,  under  a  penalty  of 
one  dollar  for  erery  oflfenoe. 

The  Directors  may  permit  other  persons  than 
members  to  use  the  Library.  No  member  shall  de- 
tain any  book  longer  than  four  weeks,  aAer  being 
duly  notified  that  the  same  is  wanted  by  another 
member,  under  a  penalty  of  twenty-five  cents  per 
week. 

On  or  before  the  first  Wednesday  in  May  all  books 
shiill  be  returned,  and  a  committee  of  the  Directors 
appointed  for  that  purpose  shall  examine  the  Library 
and  make  a  report  of  its  condition  at  the  Annual 
Meeting.   « 


HARVARD  COLLEGE  LIBRARY 
THE  GIFT  OF 
RGE  ARTHUR  PLIMPTON 


3  2044  097  016  646 


^A4,>utrr  %\  ^,sy ,  S'i->r^ 


i 


LIBRAIIY      QONDITimS. 

The  Library  to  be  under  the  control  of  the  Direc- 
ton,  who  mftj  withhold  snoh  booki  from  circulatiou 
aa  they  may  deem  expedient. 

Each  member  shall  be  entitled  to  take  fh>m  the 
Library,  one  folio,  or  one  qnarto,  or  two  of  any  letser 
fold,  with  the  plates  belonging  to  the  same,  upon 
signing  a  receipt  for  the  same,  and  nromising  to 
make  good  any  damage  which  may  be  sustained 
when  in  their  possession,  or  to  replace  the  same,  if 
lost. 
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lii.M#*rfti*  I  \  f'En  AT  Tin 

IdiTtllt    HI  ItiM  uf  VfH    FUtNDXlT. 


EDITOR'S  PREFACE. 


NoTWiTHSTANDiNO  the  number  and  varietj  of  text  books 
on  Natural  Philosophj  now  before  the  public,  the  peculiar 
excellences  of  Professor  Tate's  treatise,  together  with  the 
expressed  desire  of  son^ie  of  our  most  eminent  teachers  that  it 
might  be  made  available  to  them  in  their  instructions,  seemed 
to  C9II  for  its  republication  in  this  country.  It  was  originally 
prepared  as  one  of  a  series  of  text  books  for  the  use  of  the 
masters  and  students  of  the  Battersea  College,  near  London ; 
and  how  well  it  has  fulfilled  its  purpose  is  evident  from  the 
high  commendations  bestowed  upon  it  by  Her  Majeily's  In- 
spectors of  Schools,  and  the  Committee  of  Council  on  Edu- 
cation. 

As  a  text  book  for  schools,  it  appears  to  embrace  all  the 
essential  requisites.  The  principles  of  the  science  are  clearly 
and  concisely  stated,  with  their  practical  application  to  the  arts 
of  life  and  the  phenomena  of  nature.  The  experiments  are 
instructive  and  interesting,  requiring  for  the  performance  of 
most  of  them  but  a  trifling  expenditure  for  apparatus.  Ex- 
amples and  problems  to  exercise  the  student,  with  numerous 
diagrams  for  illustration,  per\'ade  the  work. 

The  article  on  Astronomy,  with  the  use  of  the  globes,  is  a 
small  but  yery  useful  introduction  to  one  of  the  most  interesting 
sciences ;  the  illustrations  are  numerous  and  good ;  some  of 
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them  unique,  and  most  of  them  of  a  superior  order ;  the  modd 
Utson^  showing,  by  a  sugjijestive  course  of  reasoning,  how  the 
ntudcnt  may  be  led  to  reflect  and  reason  upon  the  knowledge 
communicated  to  him,  will  be  read  with  interest  by  those 
oiigaged  in  teaching. 

In  addition  to  the  subjects  usually  embraced  in  a  course  on 
Natural  Philosophy,  it  contains  an  article  on  Experimental 
C'h<»mii*try,  which  is  a  familiar  exposition  of  the  principles  of 
tho  Hcience,  with  their  practical  application  to  agriculture. 
Thii  must  greatly  enhance  the  value  of  this  manual  in  those 
nclioolrt  where  time  and  means  will  not  allow  the  use  of  a  more 
rxtrndod  treatise. 

Such  alterations  in  the  arrangement  of  the  matter  and  in 
in(>(h*s  of  expression,  together  with  important  additions  to  the 
text  of  the  original,  have  been  made,  as  were  considered  neces- 
unry  to  adapt  it  to  use  in  this  country.  A  series  of  guestions 
in  appended  to  the  work  for  the  accommodation  of  those  who 
may  desire  to  use  them. 

c.  s  c. 
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EDITOR'S  PREFACE. 


Notwithstanding  the  number  and  variety  of  text  books 
on  Natural  Fhilosopbj  now  before  the  public,  the  peculiar 
excellences  of  Professor  Tate's  treatise,  together  with  the 
expressed  desire  of  son^e  of  our  most  eminent  teachers  that  it 
might  be  made  available  to  them  in  their  instructions,  seemed 
to  c^  for  its  republication  in  this  country.  It  was  originally 
prepared  as  one  of  a  series  of  text  books  for  the  use  of  the 
masters  and  students  of  the  Battersea  College,  near  London ; 
and  how  well  it  has  fulfilled  its  purpose  is  evident  from  the 
high  commendations  bestowed  upon  it  by  Her  Majesty's  In- 
spectors of  Schools,  and  the  Committee  of  Council  on  Edu- 
cation. 

As  a  text  book  for  schools,  it  appears  to  embrace  all  the 
essential  requisites.  The  prin^fiples  of  the  science  are  clearly 
and  concisely  stated,  with  their  practical  application  to  the  arts 
of  life  and  the  phenomena  of  nature.  The  experiments  are 
instructive  and  interesting,  requiring  for  tlie  performance  of 
most  of  them  but  a  trifling  expenditure  for  apparatus.  Ex- 
amples and  problems  to  exercise  the  student,  with  numerous 
diagrams  for  illustration,  per^'ade  the  work. 

The  article  on  Astronomy,  with  the  use  of  the  globes,  is  a 
small  but  very  useful  introduction  to  one  of  the  most  interesting 
sciences ;  the  illustrations  are  numerous  and  good ;  some  of 
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them  unique,  and  most  of  them  of  a  superior  order ;  the  modd 
lesson^  showing,  bj  a  6ug(;estive  course  of  reasoning,  how  the 
student  maj  be  led  to  reflect  and  reason  upon  the  knowledge 
communicated  to  him,  will  be  read  with  interest  by  those 
engaged  in  teaching. 

In  addition  to  the  subjects  usually  embraced  in  a  course  on 
Natural  Philosophy,  it  contains  an  article  on  Experimental 
Chfmislry,  which  is  a  familiar  exposition  of  the  principles  of 
thn  !»cience,  with  their  practical  application  to  agriculture. 
Thi?  must  greatly  enhance  the  value  of  this  manual  in  those 
polioolf)  where  time  and  means  will  not  allow  the  use  of  a  more 
extended  treatise. 

Such  alterations  in  the  arrangement  of  the  matter  and  in 
modes  of  expression,  together  with  itaportant  additions  to  the 
text  of  the  original,  have  been  made,  as  were  considered  neces- 
sary to  adapt  it  to  use  in  this  country.  A  series  of  questtons 
is  appended  to  the  work  for  the  accommodation  of  those  who 
niay  desire  to  use  them. 
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NATURAL  AND  EXPERIMENTAL 
PHILOSOPHY. 


INTRODUCTION. 

1.  The  general  laws  of  nature  are  divisible  into  the  foar 
classes  of,  L  Physics,  often  called  Natural  Philosophy; 
n.  Chemistry;  IIL  Life,  commonly  called  Physiology; 
and,  IV.   Mind. 

2.  The  laws  of  Physics  govern  every  phenomenon  of  nature  in  which 
there  is  any  sensible  change  of  place. 

3.  The  great  physical  truths  are  reduced  to  four,  and  are  referred  to 
by  the  terms  Atotrit  Attraction,  Bepulsion,  and  Inei'tia. 

4.  Solid  bodies  existing  in  conformity  with  these  truths,  exhibit  all 
the  phenomena  of  Mechanics ;  Liquids  exhibit  those  of  Hydrostatics 
wid  Hydraulics ;  Airs  those  of  Pneumatics ;  and  Impond&iubles  those  of 
Heat,  light,  Blcctzicity,  and  Magnetism. 


MECHANICS. 

LAWS   OP  3IATTER  AND   MOTION. 

5.  Mechanics,  in  its  most  comprehensive  sense,  treats  of 
the  laws  of  rest  and  motion  of  material  bodies.  Statics  treats 
of  the  equilibrium  of  solid  bodies,  and  Dynamics  treats  of  the 
motion  of  solid  bodies.  Hydrostatics  treats  of  the  equilibrium 
of  fluid  bodies,  and  Jfydro-dynamics  {Hydraulics)  treats  of 
the  motion  of  fluid  bodies. 
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6.  Matter  is  known  to  ns  by  its  properties,  which  affect 
our  senses.  The  ma$i  of  a  bo4ly  is  the  quantity  of  matter 
which  it  contains.  The  density  of  a  body  is  llie  comparative 
quantity  of  matter  contained  in  a  given  size  or  volume. 

7.  Motion.  A  body  is  in  motion  when  it  is  in  the  act  of 
changing  its  place. 

When  a  body  paaes  over  equal  spaces  in  equal  saccesare  portions 
of  time,  its  motioa  is  said  to  be  uniform,  When  the  successive  ^Mces 
described  In  equat  times  continually  increase,  the  motion  is  said  to  be 
QceeUrated;  and  when  those  spaces  continually  decrease*  the  motion  is 
said  to  be  retarded.  Motion  is  tatt/ormiy  accelerated  or  reitwded  when 
the  increase  or  decrease  of  the  spaces  passed  over  in  equal  successive  por- 
tioQB  of  time  b  always  equaL 

8.  Velocity.  The  velocity  of  a  body  is  measured  by  the 
ipace  uniformly  passed  over  in  a  given  time. 

When  the  motion  of  a  body  is  accelerated  or  retarded,  the  velocity  b 
not  measured  by  the  space  actually  passed  over  in  a  given  time,  but  by- 
the  space  which  would  have  been  passed  over  in  the  given  time  if  the 
motion  had  continued  uniform  from  that  point. 

9.  Momentum.  The  momentum  of  a  body  is  its  quantity 
of  motion,  and  is  measured  by  the  weight  of  the  body  multiplied 
by  its  velocity. 

The  quantity  of  motion,  or  momentum,  of  a  small  body  may  be  as 
great  as  that  of  a  large  body ;  for  example,  if  the  velocity  of  a  musket 
tall  be  100  times  the  velocity  of  a  heavy  hammer,  which  is  100  times 
the  weight  of  the  ball,  then  their  momenta,  or  quantities  of  motion,  vdU 
be  the  same.  The  deficiency  of  wdght  in  the  boll  is  made  up  by  its 
excess  of  velocity. 

WTien  a  person  running  strikes  ngoinr t  an  obstacle,  he  suffers  a  collision 
corrc^nding  to  his  weight  and  the  t-pccd  at  which  he  is  movinjj. 

If  two  bodies  moving  in  the  same  direction  come  into  collision  with 
each  other,  the  force  of  collision  is  measured  by  the  difference  of  their 
momenta ;  but  if  they  are  moving  in  opposite  directions,  the  force  of 
collision  is  much  greater,  for  it  Is  equal  to  the  sum  of  thdr  momenta. 
Hence  it  is  that  the  collision  of  railway  trains,  when  moving  in  opposite 
directions,  b  much  more  terrific  than  when  they  ore  moving  in  the  same 
direction. 

10.  Force  is  that  which  produces,  or  tends  to  produce, 
ttOtion  in  a  body ;  or  it  is  that  which  changes  tlie  uniform 


PROPERTIES   OF  MATTER.  13 

and  rectilinear  motion  of  a  body.     Thus  pressure,  impulse, 
gravity,  &c.,  are  called /orcw. 

"NVhcn  a  forcft  acts  only  for  an  instant,  it  is  called  impulsive ;  and  when 
it  acts  without  intermission,  it  is  called  a  amaiant  force.  Constant  forces 
may  be  either  uiuform  or  variable*  A.  force  is  uniform  when  it  always 
produces  equal  effects  la  equal  successive  portions*  of  time ;  and  it  is 
variable  when  the  effects  produced  in  equal  portions  of  time  are  uneqttal. 

11.  Matter  is  either  ponderable  or  imponderable.  Pon- 
derahle  bodies  have  an  appreciable  weight;  imponderable 
bodies  comprise  those  subtile  fluids  which  have  no  appreciable 
weight,  such  as  lights  heat,  magnetism^  and  electricity, 

12.  Forces  are  known  to  us  only  by  the  effects  which  they 
produce. 

In  order  to  estimate  the  magnitude  of  forces,  we  must  compare  the 
effects  which  they  produce  under  the  same  circumstances.  A  force  may 
be  estimated  by  the  presittre  which  it  produces  upon  some  obstacle ;  or 
it  may  bo  estimated  by  the  motion  which  it  produces  in  a  body  in  a 
given  time.  In  the  former  case  the  measure  of  the  force  is  said  to  be 
Mtaiicalt  ond  in  the  latter  case  dt/namical* 


PROPERTIES   OP  HATTER. 

13.  The  properties  of  matter  are  usually  divided  into 
primary,  or  essential,  and  secondary,  or  non-essential. 

The  former  are  those  without  which  we  cannot  conceive  matter  to 
exist ;  the  latter  arc  those  which,  depending  upon  the  i>articular  laiit^s 
impressed  upon  different  substances,  do  not  necessarily  enter  into  our 
abstract  conceptions  of  matter ;  thus,  for  example,  had  it  pleased  the 
Creator,  the  law  of  gravitation  might  have  been  different  from  what  it  is ; 
or,  in  the  place  of  the  law  of  perfect  elasticity,  observed  in  some  bodies, 
all  the  forms  of  matter  might  have  been  practically  incompressible. 
It  is  obvious,  therefore,  that  the  secondary  properties  of  matter  could  not 
have  become  known  to  us  anterior  to  observation  and  experiment.  The 
relative  adaptation  of  these  secondary  properties  of  matter  to  the  condi- 
tions and  constitution  of  the  universe,  affords  the  most  striking  evidence 
of  the  existence  and  attributes  of  a  great  and  intdligent  cause. 

14.  The  primary  properties  of  nntter  are  Extension  and 
Lnpemtrahility.    Th«  most  important  secondary  properti«i^ 
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EDITOR'S  PREFACE. 


NoTWiTHSTANDiNO  the  number  and  variety  of  text  books 
on  Natural  Philosophy  now  before  the  public,  the  peculiar 
excellences  of  Professor  Tate's  treatise,  together  with  the 
expressed  desire  of  son^e  of  our  most  eminent  teachers  that  it 
might  be  made  available  to  them  in  their  mstructions,  seemed 
to  C9II  for  its  republication  in  this  country.  It  was  originally 
prepared  as  one  of  a  series  of  text  books  for  the  use  of  the 
masters  and  students  of  the  Battersea  College,  near  London ; 
and  how  well  it  has  fulfilled  its  purpose  is  evident  from  the 
high  commendations  bestowed  upon  it  by  Her  Majesty's  In- 
spectors of  Schools,  and  the  Committee  of  Council  on  Edu- 
cation. 

As  a  text  book  for  schools,  it  appears  to  embrace  all  the 
essential  requisites.  The  principles  of  the  science  are  clearly 
and  concisely  stated,  with  their  practical  application  to  the  arts 
of  life  and  the  phenomena  of  nature.  The  experiments  are 
instructive  and  interesting,  requiring  for  the  performance  of 
most  of  them  but  a  trifling  expenditure  for  apparatus.  Ex- 
amples and  problems  to  exercise  the  student,  with  numerous 
diagrams  for  illustration,  per\'ade  the  work. 

The  article  on  Astronomy,  with  the  use  of  the  globes,  is  a 
small  but  very  useful  introduction  to  one  of  the  most  interesting 
sciences ;  the  illustrations  are  numerous  and  good ;  some  of 
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them  uniqne,  and  most  of  them  of  a  superior  order ;  the  nu>itl 
lesiOHf  showing,  bj  a  sug«;estiTe  course  of  reasoning,  how  the 
student  may  be  led  to  reflect  and  reason  upon  the  knowledge 
communicated  to  him,  will  be  read  with  interest  by  those 
engaged  in  teaching. 

In  addition  to  the  aul^ects  uauallj  enbneed  in  a  course  on 
Natural  Philosophy,  it  contains  an  article  on  Experimental 
Chemistry,  which  is  a  familiar  exposiu'on  of  the  principles  of 
the  science,  with  their  practical  application  to  agriculture. 
Thi^  must  greatly  enhance  the  value  of  this  manual  in  those 
schools  whei*c  time  and  means  will  not  allow  the  use  of  a  more 
extended  treatise. 

Such  alterations  in  the  arrangement  of  the  matter  and  in 
modes  of  expression,  together  with  important  additions  to  the 
text  of  the  original,  have  been  made,  as  were  considered  neces- 
sary to  adapt  it  to  use  in  this  country.  A  series  of  questions 
in  appended  to  the  work  for  the  accommodation  of  those  who 
may  desire  to  use  them. 
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**    HydrochMe. 
••    Kitrie. 
•<    Oxalic 
••    Sulphuric. 
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Alum. 

AmmoQui,  Liquid*  coooCQtittsdL 
••         Cutonate. 
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••         Oxalate. 
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•«         Sulphuict.  « 
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Clay,  Pipe,  for  luting. 
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"      Nitrate. 
'•      Suli^atc 
Distilled  ^Vater. 
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•*         connecton. 

Testtubea, 


ao) 


NATURAL  AND  EXPERIMENTAL 
PHILOSOPHY. 


INTKODUCTION. 

1.  The  general  laws  of  nature  are  divisible  into  the  four 
classes  of,  I.  Physics,  often  called  Natural  Philosophy; 
IL  Chemistry;  III.  Life,  commonly  called  Physiology; 
and,  IV.  Mind. 

2.  The  laws  of  Physics  govern  every  phcnoznenon  of  nature  in  which 
there  is  any  sensible  change  of  place. 

3.  The  great  physical  truths  are  reduced  to  four,  and  are  referred  to 
by  the  terms  Atonic  Attraction,  Repulsion,  and  Inertia, 

4.  Solid  bodies  existing  in  conformity  with  these  truths,  exhibit  all 
the  phenomena  of  Mechanics;  Liquids  exhibit  those  of  Hydrostatics 
and  Hydraulics ;  Airs  those  of  Pneumatics ;  and  Impotiderablea  those  of 
Heat,  Xighti  Electiicity,  and  Magnetiun. 


MECHANICS. 

LAWS   OP  MATTER  AND   MOTION. 

5.  Mechanics,  in  its  most  comprehensive  sense,  treats  of 
Ihe  laws  of  rest  and  motion  of  material  bodies.  Statics  treats 
of  tlie  equilibrium  of  solid  bodies,  and  Dynamics  treats  of  the 
motion  of  solid  bodies.  Hydrostatics  treats  of  the  equilibrium 
of  fluid  bodies,  and  Hydro-dynamics  {Hydraulics)  treats  of 
the  motion  of  fluid  bodies. 

(U) 
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C.  Matter  is  known  to  ns  by  its  properties,  which  affect 
our  senses.  The  mass  of  a  body  is  the  quantity  of  matter 
which  it  contains.  The  density  of  a  body  is  the  comparative 
quantity  of  matter  contained  in  a  given  size  or  volume. 

7.  Motion.  A  body  is  in  motion  when  it  is  in  the  act  of 
changing  its  place. 

^Vhen  a  body  panes  over  equal  spaces  in  equal  succesdye  portions 
of  time,  its  motion  is  said  to  be  uniform.  AVhen  the  successive  spaces 
described  in  equaf  times  continually  increase,  the  motion  is  said  to  be 
accelerated ;  and  when  those  spaces  continually  decrease,  the  motion  is 
said  to  be  retarded.  Motion  is  unijormly  accelerated  or  retarded  when 
the  increase  or  decrease  of  the  spaces  passed  over  in  equal  successiTe  por- 
tions of  time  is  always  equal. 

8.  Velocity.  The  velocity  of  a  body  is  measured  by  the 
space  uniformly  passed  over  in  a  given  time. 

When  the  motion  of  a  body  is  accelerated  or  retarded,  the  velocity  is 
not  measured  by  the  space  actually  passed  over  in  a  given  time,  but  by* 
the  space  which  would  have  been  passed  over  in  the  given  time  if  the 
motion  had  continued  uniform  fiom  tliat  point. 

9.  Momentum.  The  momentum  of  a  body  is  its  quantity 
of  motion,  and  is  measured  by  the  weight  of  the  body  multiplied 
by  its  velocity. 

The  quantity  of  motion,  or  momentum,  of  a  small  body  may  be  as 
great  as  that  of  a  large  body ;  for  example,  if  the  velocity  of  a  musket 
ball  be  100  times  the  velocity  of  a  heavy  hammer,  %vhich  is  100  times 
the  weight  of  the  ball,  then  their  momenta,  or  quantities  of  motion,  will 
be  the  same.  The  deficiency  of  weight  in  the  ball  is  made  up  by  its 
excess  of  velocity. 

When  a  person  running  strikes  aj^ainst  an  obstacle,  he  suffers  a  collision 
corresponding  to  his  n-eight  and  the  Fpecd  at  which  he  is  moving. 

If  two  bodies  moving  in  the  same  direction  come  into  collision  with 
each  other,  tlie  force  of  collision  is  measured  by  the  difference  of  their 
momenta ;  but  if  they  are  movTng  in  opposite  directions,  the  force  of 
collision  is  much  greater,  for  it  is  equal  to  the  sum  of  their  momenta. 
Hence  it  is  that  the  collision  of  railway  trains,  when  moving  in  opposite 
directions,  is  much  more  terrific  than  when  they  are  moving  in  the  same 
direction. 

10.  Force  is  that  which  produces,  or  tends  to  produce, 
motion  in  a  body;  or  it  is  that  which  changes  tlie  uniform 
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and  rectilinear  motion  of  a  body.     Thus  pressure,  impulse, 
gravity,  &c,,  are  called /orcw. 

When  a  force  acts  only  for  an  instant,  it  is  called  impulsive ;  and  when 
it  acts  without  intermission,  it  is  called  a  constant  force.  Constant  forces 
may  be  either  uniform  or  variuble,  A  force  is  uniform  when  it  always 
produces  equal  ^ects  in  equal  successive  portions'  of  time ;  and  it  Li 
variable  when  the  effects  produced  in  equal  portions  of  time  arc  unegttal. 

11.  Matter  is  either  ponderable  or  imponderable.  Pon- 
derable bodies  have  an  appreciable  weight;  imponderable 
bodies  comprise  those  subtile  fluids  which  have  no  appreciable 
weight,  such  as  light,  heaty  magnetism,  and  electricity. 

12.  Forces  ai*e  known  to  us  only  by  the  effects  which  they 
produce. 

In  order  to  estimate  the  magnitude  of  forces,  we  must  compare  the 
effects  which  they  produce  under  the  same  circumstances.  A  force  may 
he  estimated  by  the  pressure  which  it  produces  upon  some  obstacle ;  or 
it  may  bo  estimated  by  the  motion  which  it  produces  in  a  body  in  a 
given  time.  In  the  former  case  the  measure  of  the  force  is  said  to  be 
MtaUcdtt  and  in  the  latter  case  dynamioaL 


PROPERTIES   OP  MATTER. 

13.  The  properties  of  matter  are  usually  divided  into 
primary,  or  essential^  and  secondary,  or  non-essential. 

The  former  are  those  without  which  we  cannot  conceive  matter  to 
exist ;  the  latter  arc  those  which,  depending  upon  the  particular  laws 
impressed  upon  different  substances,  do  not  necessarily  enter  into  our 
abstract  conceptions  of  matter ;  thus,  for  example,  had  it  pleased  the 
Creator,  the  law  of  gravitation  might  have  been  different  from  what  it  is ; 
or,  in  the  place  of  the  law  of  perfect  elasticity,  observed  in  some  bodies, 
all  the  forms  of  matter  might  have  been  practically  intom|nrcssiblc. 
It  is  obvious,  therefore,  that  the  secondary  properties  of  matter  could  not 
have  become  known  to  us  anterior  to  obsnration  and  experiment.  The 
relative  adaptation  of  these  secondary  properties  of  matter  to  the  condi- 
tions and  constitution  of  the  universe,  affords  the  most  striking  evidence 
of  the  existence  and  attributes  of  a  great  and  intelligent  cause. 

14.  The  primary  properties  of  matter  are  Extension  and 
hnpeneirahility.    The  most  important  secondary  prop6rti«% 
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considered  in  relation  to  mechanical  science,  are  Compresst- 
hility,  ExpansihiUty^  Divisibility^  Cohesion^  Elasticity,  AfobHity, 
Inertia,  and  Gravity. 

15.  Extension  is  that  property  whereby  every  body 
must  occupy  a  certain  limited  space.  We  necessarily  conceive 
every  body  to  have  length,  breadth,  and  thickness. 

16.  Impenetrability  is  that  property  whereby  no  two 
substances  can  occupy  the  same  space  at  the  same  instant  of 
time. 

17.  Compressibility  and  Expansibility  are  those  prop- 
erties by  virtue  of  which  bodies  may  be  made  to  occupy  a 
smaller  or  larger  space. 

The  su8cq)tibility  to  compression  shows  thnt  all  bodies  must  contain 
pores,  or  spaces  between  the  ultimate  particles  or  atoms  of  which  they 
are  composed,  and  that  there  is  no  substance  in  nature  which  is  absolutely 
solid. 

In  consequence  of  these  properties,  bodies  differ  very  much  in  density. 
When  bodies  have  the  same  size,  or  Tolume,  their  densities  are  measured 
by  their  weights.  Thus  a  cubic  foot  of  copper  weighs  nine  times  as 
much  as  a  cubic  foot  of  water ;  hence  copper  possesses  nine  times  the 
density,  or  specific  gravity,  of  water. 

18.  Divisibility.  There  is  no  limit  to  the  mathematical 
conception  of  the  divisibility  of  space ;  but  the  doctrine  of 
the  atomic  theory  seems  lo  indicate  that  there  is  a  practical 
limit  to  the  divisibility  of  matter. 

In  going  on  with  our  division,  we  ma«t  finally  axxxve  at  a  certain 
uUimaie  particle,  or  atom  of  matter,  which,  from  its  constitution,  no 
longer  admit3  of  separation  into  parts.  Nature  presents  us  with  varioxis 
marvellously  minute  divisions  of  the  particles  of  matter. 

19.  Cohesion,  or  the  attraction  of  cohesion,  is  that  prop- 
erty of  bodies  whereby  the  atoms  composing  them  are  united 
in  a  mass. 

This  force  of  attraction  between  the  particles  of  matter  only  takes 
place  at  immeasurably  minute  distances.  Bodies  are  aolid,  liquid,  or 
aeriform,  according  as  the  cohesion  of  their  particles  ia  modified  by  heat. 
The  particles  of  gases  and  vapors  repel  one  another,  in  consequence  of 
the  repolaive  force  of  hoot  being  greater  than  the  force  of  cohesion ;  ia 
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Bolidsy  tht  force  of  cobesioxi  preponderates  over  that  of  repulsion ;  and 
in  liquids  the  forces  of  cohesion  and  repulsion  are  presumed  to  be  equal. 

20.  Elasticity  is  that  property  of  bodies  by  which,  wht'n 
their  form  is  altered  by  the  action  of  an  exrernal  force,  they 
regain  their  original  form  ai  soon  as  the  external  force  is 
withdrawn. 

All  bodies  possess  this  property  in  a  greater  or  less  degree. 

Most  substances  have  a  limit  to  their  elasticity :  thus,  if  a  straight 
clastic  bar  is  bent  by  a  pressure  applied  to  it,  and  if  this  pressure  does 
not  exceed  a  certain  quantity,  the  bar  will  resume  its  original  form  when 
this  pressure  is  removed ;  but,  on  the  contrary,  if  the  pressure  exceeds  a 
certain  quantity,  called  the  limit  of  the  body's  elasticity,  the  cohesion 
of  the  material  is  injured  or  destroyed ;  and  then,  in  this  cose,  the  bar 
will  not  return  to  its  original  form  upon  the  cessation  of  the  pressure. 
Bodies  which  have  no  elastic  limit  may  be  called  perfectly  elastic,  such 
as  gases  and  vapors.  ^ 

Liquids  scarcely  admit  of  compression ;  and  hence  they  arc  called 
non-eUulic  fluids,  whereas  gases  and  vapors  are  called  eJiastic  fltdds* 
Some  aeriform  bodies,  such  as  carbonic  acid  gas,  have  been  brought  to 
the  liquid  state  by  being  subjected  to  a  high  pressure  and  cold ;  these  are 
called  oondenMhle  gates ;  whereas  some  gaseous  bodies,  such  as  oxygen 
and  nitrogen,  composing  the  atmosphere,  resist  condensation,  whatever 
may  be  the  pressure  and  cold  to  whidi  they  are  subjected.  These  ga^es 
are  called  permanently  elastic.  Beams  employed  in  construction  are 
sometimes  considered  perfectly  elastic,  when  their  resistance  to  compression, 
within  their  limits  of  elasticity,  is  equal  to  their  resistance  to  extension. 

21.  Mobility,  or  susceptibility  to  motion,  is  that  property 
n^rhereby  a  body  admits  of  change  of  place. 

Motion  may  be  absolute  or  relaiive :  thus  a  roan  in  a  railway  carriage 
may  be  in  motion  relatively  to  the  other  objects  in  the  carriage,  while  at 
the  same  time  he  partakes  of  the  absolute  motion  of  the  train.  In  esti- 
mating motion,  there  are  three  things  to  be  considered ;  viz.,  the  velocity 
or  quickness  of  the  motion,  the  space  passed  over,  and  the  time  in  which 
that  space  is  passed  over.  The  motion  of  a  body  is  uniform  when  it 
passes  over  equal  space  in  equal  successive  intervals  of  time ;  in  this  case, 
the  velocity  of  the  motion  is  the  distance  in  feet  passed  over  in  one 
second  of  time ;  the  space  is  the  whole  distance  in  feet  moved  over ;  and 
the  time  the  nimiber  of  seconds  in  whioh  the  space  is  described.  In 
uniSarm  motion,  therefore,  we  have 

Tilt  qpw«»  the  v^tootty  X  tlie  time. 
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Here  there  ore  three  general  quantities,  any  two  of  which  heing  givcQ, 
the  remaining  one  may  be  found. 

Ex.  1.  If  a  railway  train  moves  oyer  44  feet  in  a  second,  what  space 
will  it  moYe  over  in  an  hour ) 

Space  moved  over  in  I  sec.^44  ft 
•<         «<  •<     3600  sec.  or  1  h.a3600  X  44  ft »  168,400  ft 

■ssSO  miles.    Ans. 

Ex.2,  If  a  railway  train  moves  over  20  miles  in  an  hour,  what  wiU 
be  its  velocity  per  second  ? 

8paue  moved  over  in  3G00  sec.  or  1  h. »  20  X  5280  ft 

Or,inlsec.  =  .H^|y^«29Jft    Ans. 

Ex,  3.  If  the  velocity  of  a  body  be  20  feet  per  second,  in  what  time 
will  it  move  over  a  mile  ? 

—|r—^  =  264  sec.  ^4^  mm.    Ans. 

22.  Inertia.  By  this  property  is  meant  that  matter  has 
DO  power  in  itself  to  change  its  present  state,  and  that  anj 
alteration  in  its  state,  whether  of  rest  or  motion,  most  be  pro- 
duced by  the  action  of  some  external  force. 

If  a  body  is  broken,  some  force  must  have  produced  the  rupture.  If 
a  body  is  melted,  heat  must  have  produced  the  change.  If  a  body 
changes  its  state  from  rest  to  motion,  some  force  must  have  communi- 
cated the  motion.  If  it  passes  irom  a  state  of  motion  to  that  of  rest, 
some  force  must  have  been  exerted  to  destroy  the  motion.  The  laws  of 
motion  will  be  hereafter  more  fully  considered. 

Experiment.  Place  a  coin  on  a  piece  of  card  paper,  and  balance  it 
Hpon  the  tip  of  one  of  the  fingers  of  the  left  hand,  as  shown  in  Fig.  1 ; 


Fig.  1. 
^v«  thfl  card  a  fman  hlowvith  om  «f  tho  fingos of  th«  right  hand; 


mmm^'. 
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the  card  will  be  projected  forward,  but  the  penny,  fiom  its  inertia,  irill 
remain  on  the  imger. 

When  a  carriage  suddenly  stop?,  the  person  in  it  is  liable  to  be  thrown 
forward,  from  the  inertia  of  his  body ;  that  is,  in  this  case,  from  the 
tendency  which  his  body  has  to  continue  in  motion. 

A  body  in  motion  also  tends  to  move  forward  in  a  straight  line; 
hence  the  effort  we  have  to  make  when  we  nm  round  a  comer.  When 
a  stone  is  whirled  round  in  a  sling,  it  ilies  off  in  a  direct  course  the 
moment  it  is  allowed  to  escape.  It  is  well  kno\ni  that  a  hare,  acting  by 
instinct  on  this  law  of  inertia,  sometimes  makes  its  escape  from  the 
greyhound  by  taking  a  great  many  sudden 
turns,  which  the  dog,  from  its  greater  bulk 
and  inertia,  does  not  so  readily  take.  Thus, 
in  running  to  the  cover  C,  (see  Fig.  2,)  the 
hare  takes  the  course  A  B  D  £  C,  while  the 
dog  is  compelled  to  take  the  longer  course, 
AbdeC. 

When  the  equestrian,  standing  on  the  sad- 
dle, leaps  over  a  cord  extended  over  tho  ^r=^  ""• 
horse  at  right  angles  to  his  motion,  the  horse 

passes  under  the  cord  while  the  rider  leaps  1/  ^ 

over  it,  and  lights  on  the  saddle  at  the  oppo- 
site side.  Here  the  equestrian  has  merely  to  ^* 
leap  upwards,  not  forwards,  as  he  would  have  to  do  if  he  were  not  in 
motion ;  for  while  in  the  act  of  leaping  he  retains  the  motion  which  he 
had  before  he  made  the  leap,  so  that,  when  he  arrives  at  the  opposite  side 
of  the  cord,  his  progressive  motion  being  the  same  as  that  of  the  horse, 
he  lights  exactly  on  the  saddle. 

23.  Gravitt  is  that  property  by  which  all  terrestrial 
bodies  tend  towards  the  centre  of  the  earth.  When  a  body 
U  supported,  this  tendency  produces  pressure  and  weight 

The  pressure  produced  by  gravity  is  always  exerted  m  a  direction  per- 
pendicular to  the  horizon,  and  is  measured  by  the  weight  of  the  body. 
The  imit  of  weight  in  mechanical  calciilations  is  a  pound ;  and  hence 
the  forces  of  pressure  are  usually  expressed  in  units  of  pounds. 

It  has  been  found  by  experiment  (allowance  being  made  for  the  resist- 
ance of  the  air)  that  bodies  of  every  size,  shape,  and  weight  fall  to  the 
earth  exactly  in  the  same  manner.  Thus,  were  it  not  for  the  resistance 
of  the  air,  a  feather  and  a  guinea  would  fall  from  the  top  of  a  tower  in 
the  same  time,  and  they  would   strike  the  ground  with  the  same 

2* 
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Experiment.  Take  a  small  piece  of  thin  paper  and  a  coin*  and  let 
them  fall  the  eame  instant  from  equal  heighta  above  the  ground ;  then 
the  coin  will  arrive  at  the  ground  much  sooner  than  the  paper.  Here 
the  air  presents  a  greater  proportional  resistance  to  the  motion  of  the 
hght  body  than  it  docs  to  the  heavy  one ;  but,  in  order  that  the  resist- 
ance of  the  air  may  be  the  same  in  both  bodies,  place  the  paper  on  the 
coin,  and  then  let  them  fall  together ;  they  lx>th  arrive  at  the  ground  at 
the  same  in&taut. 

Thus  it  appears-  that  the  pressure  produced  by  the  earth's  attraction 
upon  bodies  is  a  very  different  thiiig  irom  the  motion  which  it  generates. 
In  the  former  case,  the  pressure  produced  is  proportional  to  the  qnantitj 
of  matter ;  whereas,  in  the  latter  case,  the  motion  generated  in  a  given 
time  is  the  came  lor  all  bodies,  whatever  may  be  their  size,  weight,  or 
density.  This  admits  of  a  Eati&factory  explanation :  the  earth  attracts 
every  particle  of  which  a  body  is  composed,  and  hence  the  weight  of  a 
body  depends  upon  the  matter  which  it  contains.  On  the  other  hand, 
all  the  particles  of  a  bodv  separated  from  one  another  would  evidently 
fall  through  the  same  F]K:es  in  the  Fame  time ;  but  it  ajspeors  from  es* 
pcrimcnt,  that  when  the  particles  are  collected  in  one  mass,  they  fidl 
exactly  in  the  some  manner  us  thiy  would  if  the)'  were  separated  from 
one  another. 

24.  Gravity  is  said  to  take  place  in  consequence  ©rthe 
attraction  exerted  by  the  earth  upon  the  body.  The  gen- 
eral name  given  to  this  force  is  that  of  attraction  of  grav* 
itaiion. 

This  force  is  not  confined  to  bodies  upon  the  earth's  surface;  the 
moon  is  maintained  in  her  orbit  by  the  attraction  of  the  earth,  and  all 
the  planetary  bodies  in  the  solar  system  arc  subject  to  the  attraction  of 
the  sun. 

The  attractive  force  exerted  by  bodies  on  each  other  is 
reciprocal,  and  in  proportion  to  their  masses. 

ThxLS  if  the  body  A  attracts  the  body  B,  then  B  will  attract  A,  and 
the  forces  which  they  exert  on  each  other  will  be  proportional  to  their 
respective  masses. 

Again,  the  force  of  attraction  varies  inversely  as  the  square 
of  the  distance. 

Thus  at  double  the  distance  the  force  will  be  one  fourth,  at  treble 
one  ninth,  and  so  on. 

These  two  laws  are  expressed  by  saying  that  the  force  of 
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gravitation  varies  directly  as  the  mass,  and  inversely  as  the 
square  of  the  distance. 

Bodies  are  attracted  by  the  earth  as  if  the  whole  of  its  mass  were  col- 
lected in  its  centre ;  hence  the  force  of  gravity  at  anyplace  depends  upon 
the  distance  of  the  place  from  the  centre  of  the  earth.  Now,  since  the 
equatorial  diameter  of  the  earth  is  greater  than  the  polar  diameter,  it 
follows  that  the  force  of  gravity  at  places  near  the  equator  is  not  so 
great  as  it  is  at  places  near  the  poles ;  thus  it  is  found  that  a  body  which 
produces  by  its  gravity  a  certain  pressure  at  Boston,  would  not  produce 
this  amount  of  pressure  if  taken  to  the  equator ;  and  in  like  manner  a 
pendulum  which  beats  seconds  at  Boston  would  take  a  longer  time  to 
complete  a  vibration  at  the  equator. 

In  consequence  of  the  constant  action  of  the  force  of  gravity,  the 
motion  of  a  falling  body  becomes  quicker  and  quicker  as  it  descends. 
In  one  second  a  body  will  fall  through  16-j^  feet ;  hut  the  velocity  ac- 
quired in  one  second  is  32  j-  feet,  in  two  seconds  it  is  twice  32^,  in  three 
seconds  it  is  three  times  32^,  and  so  on.  That  is,  the  velocity  aegtiired 
by  a  f ailing  body  increaeea  with  the  time ;  or,  in  other  words,  the  ve- 
locity acquired  by  a  falling  body  in  feet  is  equal  to  the  product  of 
32^  feet  by  the  number  of  seconds  of  its  fall. 

Experiment.  If  a  body  takes  three  seconds  in  falling  from  the  top 
of  a  tower,  with  what  velocity  will  the  body  strike  the  ground  } 

Velocity  =  3  X  32^  ft.  =  96^  ft. 
lliis  law  of  acquired  velocity  arises  from  the  fact  that  gravity  is  a 
uniformly  aceeleratiny  force,  communicating  equal  increments  of  velocity 
in  equal  times,  and  that  each  successive  increment  of  velocity  is  unaf- 
fected by  the  motion  previously  acquired.  At  places  towards  the  equa- 
tor the  accelerating  force  of  gravity  is  less  than  it  is  in  our  latitude,  and 
at  places  near  the  poles  it  is  greater.  The  laws  of  descending  bodies 
wiU  hereafter  be  more  fuUy  considered. 

25.  Centre  op  Gravity.  The  centre  of  gravity  of  a 
body  is  that  point  in  it  where  aU  the  inatter  composing  it  may 
be  supposed  to  be  collected.  The  centre  of  gi*avity  of  any 
regular  body  lies  in  its  centre  of  magnitude. 

Balance  a  rod  or  a  stick,  or  any  other  body,  upon  the  finger ;  a  point 
within  the  stick,  directly  above  that  upon  which  the  body  is  balanced, 
is  the  centre  of  gravity.  If  the  centre  of  gravity  of  a  body  be  sup- 
porlfe,  the  body  will  remain  at  rest ;  and  in  all  other  positions  the 
centre  of  gravity  descends  to  the  lowest  place  to  which  it  can  get. 
•  AverticalUnedrawnthroughthecentreof  gravity  of  a  body  is  called 
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the  Uns  of  direction.    If  the  line  of  direction  lall  withla  the 
body  will  frtand;  if  oot,  it  will  fall.    Thus, 


bam^tfae 


E\ 


Fig.  I. 


Fig.  5.  Fig.  6. 

Irt  G  G,  fcc,  be  the  centres  of  gmvity  of  four  bodies  landing  on  their 
horizontal  bmscs,  and  O  P,  G  P,  &c.,  the  lines  of  direction;  then  the 
bodies  rqircsentcd  in  V'm^.  3  and  4  will  stand,  because  the  lines  of  dirtc- 
lion  fall  within  their  \mM».  ITic  body  represented  in  Fig.  6  T*-ill  be  upon 
the  point  of  fulling,  because  the  Unc  of  direc- 
tion just  foils  at  the  edge  of  its  biisc ;  and  the 
l;ody  rqm>sented  in  Fi*^.  C  will  fall,  because 
the  Unc  of  direction  falls  without  its  base. 

When  a  man  canirs  a  load  upon  his  back* 
he  leans  forwanl,  to  Iring  the  centre  of  gravi- 
ty of  his  body  and  the  load  which  he  carries 
within   the  ba^e  formed  by  his  feet.     If  he 
were  not  to  do  fo,  the  load  would  be  liable 
to  draw  him   over  backward.     For  the 
Fame  reaJiOT],  when  a  man  walks  up  a  hill 
he  leans  for^vard,  and  when  he  descends 
he  leans  backward. 

A  cylinder  may  be  made  to  roll  up  an 
incUncd  plane.  Fix  a  piece  of  lead,  »,  in 
one  side  of  the  cylinder  z ;  then  it  \i'ill 
roll  up  the  inclined  plane  to  the  position  Fig.  8. 


^.9. 

^  f ',  becsuae  the  centre  of  grvrity  of  the  i 
its  fewest  point. 


I  will  endesTor  to  denend  to 


PEOPERTIES   OF  HATTER. 


ii 


Fig.  10. 


If  a  body  be  Buppcrted  by  a  point  lying  above 
ita  centre  of  gravity,  the  body  is  said  to  be  sus- 
pended, and  if  it  be  free  to  move,  it  H'ill  not  rest 
until  its  centre  of  gravity  has  attained  the  low- 
est possible  position.  Thus,  for  example,  if  the 
boll  K  be  suspended  by  the  thread  «  a,  it  >>'ill  not 
rest  until  its  centre  of  gravity, «,  attains  the  lowest 
possible  position,  that  is,  in  this  case,  when  the 
thread  hangs  vertically. 

Fig.  11  6hows  how  two  forks  may  be  suspended 
on  the  point  of  a  needle.  Stick  two  forks,  A  and 
B,  into  a  cork,  C ;  then  stick  a  sewing  needle,  with  its  point  outwards, 
into  the  cork,  and  poise  the  whole  on  the  top  of  a  wine  glass,  or  on  the 
head  of  a  pin  stuck  into  another  cork.  Here  the 
^ability  of  the  system  depends  upon  the  fact,  that 
tne  centre  of  gravity  is  below  the  point  of  support. 

In  like  manner  a  fork  may  be  suspended  over  the 
edge  of  the  table  on  the  point  of  a  needle,  as  shown 
in  Fig.  12.  Here  the  pomt  of  suspension,  P,  lies  in 
the  verticaLline,  P  C,  passing  through  the  centre  of 
gravity,  C,  of  the  fork. 

To  find  the  centre  of  gravity  of  any  plane  sur- 
face, suspend  it  freely  by  any  point,  and  draw  the 
line  of  direction  through  that  point  of  suspension  ; 
suspend  the  surface  by  another  point,  and  in  like  manner  draw  the  line 
of  direction  through  it ;  then  the  intersection  of  these  two  lines  will 
^ve  the  centre  of  gravity  of  the  surface. 

Of  all  forms  of  struct^^having  the  some  height  and 
base,  the  pyramidal  fornB  the  strongest.  The  p)Ta- 
mid  represented  in  Fig.  13,  which  stands  on  a  broad 
base,  is  more  stable  than  that  represented  in  Fig.  14, 
which  has  a  narrow  base ;  because  the  centra  of  gravity, 
G,  must  be  raised  through  a  greater  space  in  the  former 
case  than  in  the  latter  case,  before  they  can  be  over- 
turned. 

The  body,  ABC,  (Fig.  15,)  has  a  position  of  stable 
equilibrium,  because  its  centre  of  gravity,  C,  has  attained  ^^'  ^^* 
its  lowest  possible  position  ;  whereas  the  body  represented  in  Fig.  16  has 
a  ix)sition  of  watablo  equilibriumy  because  its  centre  of  gravity,  C,  has 
not  attained  its  lowest  possible  position  ;  the  slightest  force  will  cause  its 
centrc  of  gravity  to  descend,  and  to  occupy  the  position  repi^esentcd  in 
Fig.  15. 

A  cart  loaded  with  9Ume  may  pass  safely  along  a  xxMid  of 
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'of  rest ;  bat  we  know  that  the  smoother  the  floor  the  farther  will  the 
body  roll.  The  renstance  of  the  air  also  tends  to  stop  bodies  in  motion. 
Hence  it  is  that  a  wheel  with  vanes  will  revolve  much  longer  in  the  ex- 
hausted receiver  of  an  air  pump  than  it  will  do  in  the  open  atmosphere. 
Gravity  also  tends  to  destroy  motion :  a  body  thrown  upward  soon  loses 
its  motion,  and  returns  to  the  earth's  surface. 

Whenever,  therefore,  a  body  in  motion  comes  to  a  state  of  rest,  we 
may  safely  infer  that  some  external  force  or  resistance  has  checked  the 
motion ;  and  that  a  body  in  motion  would  never  stop,  that  is  to  say,  it 
would  move  on  and  on  in  a  straight  line  for  e\'er,  if  it  did  not  meet  with 
any  external  force  or  resistance  to  stop  it. 

Second  Law  of  Motion.  If  any  number  of  forces 
net  at  the  same  instant  upon  a  body  in  motion,  each  force  pro- 
duces lis  full  effect  in  the  direction  of  its  action,  just  as  if  it 
Lad  acted  alone  upon  the  body  at  rest. 

ThiLs  if  a  ball  be  dropped  from  the  top  of  the  mast  of  a  ship  moving 
uniformly,  the  ball  strikes  the  deck  at  the  bottom  of  the  ma.st,  and  falls 
precisely  in  the  same  time  as  if  the  ship  were  at  rest. 

Although  the  earth,  by  its  diiunal  motion,  carries  all  bodies  on  its 
surface  uniformly  from  west  to  east,  yet  all  motions  take  place  on  the 
earth's  surface  just  as  if  it  were  at  rest. 

If  a  boll  be  thrown  along  the  deck  of  a  vessel  moving  uniformly,  it 
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Fig.  17. 
win  move  on  the  deck  in  precisely  the  same  manner  as  if  the  vessel  were 
at  rest  Let  S  represent  the  deck  of  the  vessel  moving  uniformly  in  the 
water.  Suppose  the  vessel  to  move  from  S  to  *,  or  that  the  point  A  moves 
from  A  to  C  in  the  same  time  that  the  ball  moves  from  A  to  B.  Now, 
whUst  the  ball  is  moving  on  the  line  A  B,  across  the  deck,  it  is  at  the 
same  time  carried  with  the  vesstl  from  A  to  C,  and  at  the  end  of  the 
time  the  ball  is  found  at  D ;  go  that  it  preserves  its  two  motions ;  that  is 
to  say,  it  moves  in  the  direction  A  B  as  if  it  had  no  otHcr  motion,  and  in 
the  direction  A  C  with  the  vessel,  as  if  it  had  no  other  motion.  The 
actual  path  pursued  by  the  ball  is  evidently  in  the  diagonal,  A  D,  of  the 
parallcslograra,  A  B  D  C. 

This  establishes  what  is  called  the  parailelogram  of  motion,  which 
may  be  enuncialil  as  follows :  — 
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Parallelogram  of  Motion.  If  two  velocities  be  gireh 
to  a  body  at  the  same  iDstant,  the  actual  velocitj  will  be  rep- 
resented by  the  diagonal  of  the  parallelogram  formed  upon 
the  two  liuea  representing  the  velocities  impressed  upon  the 
body. 

JaU  •  body  at  A  (Rg.  17)  hare  a  velocity  giveo  to  it  wbicb  would 
catwc  it  to  inovo  unilbmily  from  A  to  C  in  a  given  tune,  and  another  ve- 
locity at  the  ionic  itiktont,  which  would  cause  it  to  move  uniliarmly  from 
A  to  13  in  the  same  time  Now,  if  the  parallelogram,  A  B  C  D,  be  com- 
])lcted,  the  actual  path  of  the  body  will  be  the  diagonal,  A  D,  dwrrihed  in 
the  same  time. 

^Vhen  a  boatman  is  ro\%-ing  his  boat 
(Fig.  18)  across  a  strong  stream,  the  boat 
hns  two  distinct  irapubcs  given  to  it ;  the 
impulse  given  by  the  man,  which  tends  to 
carry  the  boat  directly  across  the  stream, 
from  A  to  B,  and  that  of  the  stream  itself, 
which  tends  to  carry  the  boat  along  with 
it  from  A  to  D.  Under  the  action  of  these 
two  simultaneous  impulses  the  boat  moves  in  the  direction  of  the  diago- 
nal, A  C. 

Very  nearly  allied  to  the  parallelogram  of  motion  is  the  paraUelo^ram 

of  forces. 

The  parallelogram  of  forces  is  this :  if  the 
rides  A  D  and  A  B  (see  Fig.  19)  of  the  par- 
allelogram. A  B  C  D.  represent  the  magni- 
tude and  direction  of  two  forces  acting  at  the 
same  moment  on  the  body,  A,  then  the  diago- 
nal  A  C,  will  represent  the  magnitude  and 
dir^tion'of  the  resultant  force,  or  the  single 
force  which  the  two  forces  acting  together 

produce.  pressed  in  the  direction  A  B  with  a  force  of  3 

^T     T^Xl'^r^^o  in  the  direction  A  D  with  a  force  of  4 

^Zti  "hi  these  two  forces  acting  together  wm  produce  a  s^^^^^^ 


-«-'-  and  .a^nitude  ^^r  ^^  ^^Z:^^^^'^, 
1(1  the  direction  A  B  ;  from  the 
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^,1  in  n  «t^t-.  ^n'^^;;;^;;;^  ;,;j  ^^^,^  r.p«^ting  the  force  in  the  direc- 
^Jl»lhe  dim-^S"'^ 
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A  B  C  D ;  then  the  diagonal,  A  C, 
„f  iJ„.  .iiiRlL-  rc^tdting  farce,  ai^  the  unit*  in  A  C 
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Third  Law  of  Motion.  Acdon  and  reaction  are  al- 
ways equal  and  contrary. 

If  a  person  presses  the  table  with  his  finger,  he  feds  a  resistance  arising 
fixnn  the  reaction  of  the  table ;  and  this  counter-pressnie  is  equal  and 
contrary  to  the  downward  pressure.  When  a  horse  draws  a  load  for- 
ward, he  is  pulled  backward  by  the  load.  When  a  gun  is  fired,  the 
explosion  of  the  powder,  which  gives  the  forward  motion  to  the  ball,  at 
the  same  tune  gives  the  recoil  to  the  gun.  When  a  bird  flies,  it  strikes 
the  air  downward  with  its  wings,  and  thereby  produces  a  reaction  suffi- 
cient to  support  it  in  the  atmosphere.  If  a  man  in  a  boat  pull  another 
boat  towards  him,  by  means  of  a  rope,  then,  fixnn  the  law  of  action  and 
reaction,  both  boats  will  move  towards  each  other  in  such  manner  that 
their  momenta  shall  be  equaL 

If  an  elastic  ball  be  projected  in  a  direction  perpendicular  to  the  sur- 
face of  a, hard  pavement,  Uie  reaction  will  cause  the  ball  to  rebound  in 


Fig,  20. 

the  direction  in  which  it  was  projected.  Now,  if  the  ball  be  projected 
obliquely,  it  will  rebound  obliquely,  making  the  angle  of  reflection  equal 
to  the  angle  of  incidence. 

The  intensity  of  the  action  of  any  force  vi  estimated  by  the  mass  and 
velocity  of  the  body  which  it  sets  in  motion ;  that  is  to  say,  by  the  mo- 
mentum of  the  body  which  it  sets  in*  motion.  Thus,  if  a  cannon  ball 
be  fifty  times  the  weight  of  a  musket  ball,  but  the  musket  ball  be  moved 
with  fifty  times  the  velocity  of  the  cannon  ball,  then  both  balls  will  have 
the  same  momentum,  and  will  strike  any  obstacle  with  the  same  force. 
Again,  let  A  and  B  be  two  bodies  in  motion ;  A  weighs  8  lbs.,  and  moves 
with  the  velocity  of  3  feet  per  second ;  B  weighs  4  lbs.,  and  move  with 
the  velocity  of  6  feet  per  second ;  then  t 

'^vt.  X  velo. 

8    X    3  =  24,  momentum  A. 

4    X    6  =3  24,  momentum  B. 
that  is  to  say,  the  momenta,  in  this  case,  are  equal,  and  the  qtumtities 
of  motion  in  them  are  equal,  and  the  intensity  of  the  forces  producing 
these  motions  are  equal. 
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If  a  body  in  motion  impinges  upon  another  body,  the  quantity  of  do- 
lion,  or  momentum,  of  the  two  bodies  after  impact  will  be  the  same  as  it 
was  before  impact :  the  momentum  lost  by  the  one  body  is  exactly  the 
same  as  that  which  U  gained  by  the  other  body ;  and  this  is  true  whether 
the  bodies  be  elastic  or  non-ela.stic. 

Ex,  1.  Let  A  and  B  be  two  non-clastic  bodies  moving  in  the  same  di- 
rection, and  that  A  impinges  upon  B ;  let  the  weight  of  A  be  6  lbs.,  and 
its  velocity  8  feet  per  Becond,  and  the  weight  of  B  2  lbs.,  and  its  Telocity 
4  feet  per  second ;  required  the  velocity  with  which  the  two  bodies  will 
move  on  together  after  impact. 

Here  the  momentum  of  A  before  impact  =  6  X  8  =  48  ; 

Momentum  of  B  before  impact  =  2X4  =  8; 

Momentum  of  mass  after  impact  =  484-8  =  55. 

Now,  ns  the  Iwclies  are  non-elastic,  they  vnU.  move  on  together,  after 

impact,  inth  the  same  velocity.    But  the  common  velocity  of  the  two 

bodies  will  be  found  by  dividing  their  momentum  by  the  sum  of  thdr 

weights,  wliich,  hi  this  case,  is  6  lbs.  -f-  2  lbs.  =  8  lbs. 

5G 
Velocity  of  the  bodies  after  impact  =  %,-  =  7  ft.  per  sec.    Aw, 

o 

Ex.  2.  llequired  the  same  as  in  the  last  example  when  the  bodies 
move  in  opposite  directions. 

In  this  case  the  momentum  of  B  must  be  subtracted  from  the  momen- 
tum of  A ;  thus, 

Momentum  after  impact  ^48  —  8  =  40; 

40 

Velocity  of  the  bodies  after  impact  =s  ---  =s  5  ft.  per  sec.    Am, 

o' 

When  the  bodies  are  elastic,  the  case  is  somewhat  different ;  for  they 
do  ttot  move  on  together  after  impact  with  a  common  velocity,  owing  to 
the  reaction  of  the  clastic  material  of  which  the  bodies  are  composed. 

The  equality  of  action  and  reaction  in  the  collision  of  bodies  may  be 
illustrated  by  the  following  simple  experimental  apparatus :  A  and  B  are 
two  balls  suspended  by  equal  strings,  A  C  and  B  C,  c 

80  that  the  balls  may  be  in  contact  with  each  other ; 
E  F  is  a  graduated  arc,  of  which  C  is  the  centre, 
over  which  the  balls  may  oscillate.  One  of  the 
bolls,  A,  is  drawn  aside  along  a  certain  number  of 
the  arc,  and  then  allowed  to  fall  and  strike  the  other 
ball,  B,  which  vnH,  in  consequence  of  the  collidon, 
move  up  the  other  portion  of  the  arc.    The  velocity  a  b 

with  which  A  impinges  upon  B  is  measured  by  the  p-     21 

number  of  degrees  of  the  arc  through  which  it  falls, 
and  the  velocity  of  the  bodies  after  impact  is  measured  by  the  number 
of  degrees  of  the  arc  through  which  they  ascemi 


KFrSCTS  OF  GRAvnr. 


27 


£igK  3«  Let  the  two  balk  be  composed  of  soft  clay,  or  any  other  non- 
elastic  substance ;  then  after  impact  they  will  move  on  together  with  a 
common  Telocity,  which  may  be  calculated,  as  in  Ex,  2. 

Suppose  the  halls  to  be  equal  in  weight,  and  that  A  impinges  upon  B 
at  rest ;  then  the  two  bails  will  move  together  with  a  velocity  due  to  that 
which  A  had  at  the  moment  of  impact.  And  go  on  to  other  cases,  which 
may  be  readily  verified  by  experiment. 

Let  the  two  balls  be  composed  of  ivory,  or  any  other  substance  which 
is  nearly  perfectly  elastic,  and  let  them  be  of  the  same  size.  Suppose 
the  ball  A  to  impinge  upon  the  ball  B  at  rest ;  then  after  impact  A  will 
remain  at  rest,  and  B  will  move  on  with  the  same  velocity  as  A  had  at 
the  moment  of  impact.  '  In  this  case  the  reaction  of  elasticity  causes  the 
ball  A  to  8top»  and  the  bfdl  B  to  move  forward  with  the  motion  which  A 
had  at  the  instant-of  impact.  -  And  so  <»(l  to  other  cases,  which  may  be 
readily  verified  by  experiment. 

EFFECTS   OF   GRAVITY. 

Falling  Bodies. 

27.  It  has  already  been  explained  that,  since  gravity  is  a  constantly 
acting  force,  it  causes  bodies  to  fiall  quicker  and  quicker  in  the  course  of 


.  ^s^s  Id  1  see. 
10^^  ft. 


Space  In  3  8e«*. 
8«X  16,^0.  -i- 


Telocltj  acquired  In 
Imc 


Velocity  acquired  In 
2sec 


axMjft. 
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tbar  dcwfnt,  tad  thst  tlw  Tdodty  aoqnind  at  any  mfltiDt  is  prapor- 
tkmaltothetimeof  desceat.  Now,  in  1  aeoond  a  body  faUt  tfaroBgh  16^^ 
feet ;  in  2  seoonds  it  falls  through  4  times  l^iV  fcet,  or  64^  feet;  in  S 
seconds  it  ialls  throitgh  9  times  16xV  ^^^  ^  ^^l  ^^t  *Bd  so  on,  the 
bw  of  descent  being  as  SoUows :  the  ^ne$  pa$aed  oper  6y  a  faUiMg  body 
it  equal  to  I6rj  feet  multiplied  by  the  equmre  of  the  nwmher  of  weeomde 
during  which  the  body  hat  been  falling.  Thus  the  s|iace  moved  over  in 
3  seconds  is  equal  to  3*  X  16iV  ^^  "^  ^^f  '^  <^  the  apace  mored 
over  in  4  seconds  is  equal  tQ  4*  X  l^iV  ^<Bet  ks  267^  feet ;  and  so  on. 

Fig.  22  shows  the  xdation  between  the  time,  space,  and  Telocity  ac- 
quired by  a  falling  body. 

A  glance  at  Fig.  22  will  show  that  the  spaces  fiHen  through  m  each 
successive  second  arc  as  the  numben  1,  8,  iS,  7,  &c. ;  that  is  to  aay,  te 
example,  the  space  fallen  thxough  during  the  8d  second  will  be  equal  to 
6  times  16^^  f^«  <>>'  ^^^  ^ 

Ex,  1.  Through  what  space  will  a  body  iail  in  5  sec  ? 

Ant,  402xV  ft- 

Ex.  2.  Through  what  space  will  a  body  fall  in  2  j^  sec  ^ 

Ant.  lOOH  fL 

Ex.  3.  What  space  will  a  body  deaoend  duxing  the  4th  second  of  its 
iaU?  Jiif.  112/7  ft 

Ex,  4.  In  what  time  would  a  body  acquire  a  Telocity  of  160|  ft  ? 

Ant.  5  sec 

When  a  body  is  projected  vertically  upward,  its  motion  is 
uniformly  retarded,  and  it  will  rise  to  the  same  height  as  that 
from  which  it  would  have  to  fall  in  order  to  aoquiro  the  ve- 
locity of  projection. 

Thus,  for  example,  if  the  body  be  projected  vertically  upward  with  a 
velocity  of  3  times  32  j,  the  force  of  gravity  will  destroy  all  its  motion 
in  3  seconds,  so  that  the  height  to  which  it  will  xiae  will  be  equal  to 
3*  X  16iV  ft-  =  1*4  J  ft 

Ex.  1.  If  a  body  be  projected  Tertically  upward  with  a  velocity  of 
193  ft  per  second,  to  what  height  will  it  ascend?  Ant.  579  ft 

Ex.  2.  If  a  body  be  prqjected  vertically  upward  with  a  vdocity  of 
64^ft,  in  what  time  will  it  return  to  the  ground?  Aiu.  4  sec 

JProJectites. 

28.  When  a  body  is  projected  obliquely  in  the  air,  it  de- 
scribes a  curved  line,  which  is  called  a  parabola. 


SrFBOTS   OF  ORAVirr. 


29 


Were  it  not  ibr  the  Ibroe  of  grayity,  the  body,  according  to  the  first 
law  of  motion,  would  move  uniformly  on  in  the  direction  of  the  straight 
line  in  which  it  is  projected ;  but  the  force  of  gravity  causes  it  to  be  de- 
flected from  this  straight  line ;  so  that,  under  the  combined  action  of  the 
force  of  psojection  and  that  of  gravity,  the  body  moves  in  a  curved 
line.  When  the  body  reaches  the  highest  point,  it  descends  in  a  cur\'e 
which  is  exactly  the  same  as  the  curve  which  it  pursued  in  its  ascent. 


J^.23. 


Let  a  body  be  prqjected  in  the  line  a  h  (see  Fig.  23,)  with  a  velocity 
which  would  carry  it  (if  gravity  were  not  acting)  from  a  to  I  in  1  sec- 
ond, from  a  to  II  in  2  seconds,  and  so  on;  then  the  path  of  the  body  will 
.  be  in  the  parabola  adefg^  where  e  is  the  highest  point  of  ascent,  and 
the  curve  efg  of  descent  has  the  same  form  as  the  curve  ad$oi  ascent. 
The  path  of  the  projectile  may  be  found  in  the  followmg  manner : — 
Draw  the  vertical  a  ci  take  a  A  ss  167^,  ^he  space  through 
3* 
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body  will  ftll  in  1  wcond ;  a  /  ss  4  X  l^^iV*  ^^  cpoce  thxtKigh  which  s 
body  will  £[01  in  2  seconds ;  a  ib  as  9  X  16iV»  the  ^^V^'^  through  which 
a  body  will  lall  in  3  seconds ;  and  so  on :  draw  hd,i€,  kf,  &Cm  parallel 
to  a  6,  and,  intersecting  the  verticals  dra\%-n  through  the  points  I,  U,  HI, 
&c,  in  the  points  d^  e,/,  &c,  then  the  path  ot'  the  projectile  will  be  in 
the  curve  a  d  «/y* 

The  Pendulum. 

29.  The  times  of  the  vibrtUxons  of  the  pendulum  are  very 
nearly  equal,  whether  it  be  moving  much  or  little ;  tliat  is  to 
6ay,  whether  the  arc  described  by  it  be  large  or  small. 

Ilence  it  is  employed  to  reflate  the  machinery  of  our  clocks.  The 
time  which  a  pendulum  takes  to  make  a  vibration  depends  upon  its 
length ;  it  is  wdl  known  that  the  longer  the  pendulum  the  greater  is  the 
time  which  it  takes  to  perform  a  vibration.  It  has  been  ascertained  that 
the  lengths  of  different  pcndultims  vary  as  the  squares  of  their  respective 
times  of  Wbrations  :  thus,  a  pendulum  which  vibrates  in  3  seconds  must 
be  nine  times  the  length  of  a  pendulum  which  vibrates  in  1  second ;  a 
pendulum  which  vibrates  in  half  a  second  must  be  a  quarter  the  length 
of  a  pendulum  which  vibrates  in  1  second ;  and  so  on.  The  length  of 
a  pendulum  vibrating  seconds  at  London  is  about  39^  inches,  and  there- 
fore the  length  of  a  pendulum  to  vibrate  half-seconds  must  be  the  quar* 
ter  of  39^  inches,  or  about  9f  inches. 

Motion  round  a  Centre. 

30.  When  a  body  moves  round  a  centre,  it  is  acted  upon 
by  two  forces,  viz.,  the  force  of  projection^  which  gives  the 
body  motion,  and  the  centripetal  force,  or  centre-seeking  force, 
which  retains  it  in  its  circular  path,  thereby  preventing  it  from 
flying  off  in  a  straight  line,  or  in  a  tangent  line  to  the  curve. 
This  tendency  to  fly  off  in  a  tangent  is  called  the  centrifugal 
force,  or  centre-flying  force.  This  force  is  counteracted  by  the 
centripetal  force. 

Such  is  the  motion  of  the  planets  pound  the  sun,  and  the  satellites 
round  their  respective  primaries.  The  gravitation  of  the  planets  towards 
the  sun  is  the  centripetal  force,  and  the  force  of  projection  we  assume  to» 
have  been  at  first  given  to  the  various  planets  by  the  hand  of  the 
Creator. 

One  of  the  most  familiar  instances  of  motion  round  a  centre  is  the 
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'whirling  motion,  given  to  a  stone  in  a  sling.  Here  the  propelling  force, 
or  the  force  of  projection,  is  given  by  the  hand,  and  the  centripetal  force 
is  exhibited  in  the  tension  of  the  string ;  when  we  quit  the  string,  the 
centripetal  force  no  longer  acts,  and  the  stone,  by  the  action  of  the  cen- 
trifugal force  generated  by  the  wliirhng  motion,  flies  off  at  a  tangent. 

When  we  whirl  a  mop,  the  water  flies  from  it  by  the  action  of  the 
centrifugal  force,  and  the  threads  of  the  mop  assume  the  form  of  a  sphe- 
roid, or  of  a  sphere  flattened  at  the  poles  of  revolution.  In  like  manner 
the  earth  is  a  great  globe  flattened  at  the  poles.  The  rotation  of  the 
earth  upon  its  axis  has  caused  the  equatorial  parts  to  bulge  out. 

"When  a  carriage  ia  moved  rapidly  round  a  comer,  it  is  very  liable  to 
be  overturned  by  the  centrifugal  force  thus  brought  into  action. 

When  an  animal  moves  round  in  a  circle,  he  leans  towards  the  centre, 
in  order  to  counteract  the  centrifugal  force. 

Wlien  railways  form  a  rapid  cm^e,  the  outer  rail,  D,  (Fig.  24,)  is  laid 
higher  than  the  inner  rail,  E,  in  order  to  counteract  the  effect  of  the  cen- 
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ti  ifugal  force,  which,  acting  through  the  centre  of  gravity,  G,  of  the  car- 
riage, lias  a  tendency  to  throw  it  off  the  line.    The  rise,  K.  D,  of  the  outer 
rail  will  of  course  depend  upon  the  quickness  of  the 
curve  and  the  breadth  of  the  rail. 

llie  foUon-ing  instructive  experiment  is  sometimes 
performed  by  conjurers :  A  B  is  a  hoop  which  re- 
volves upon  an  axis,  O ;  W  is  a  wine  glass  of  water 
placed  within  the  hoop.  Now,  when  a  rapid  motion 
of  rotation  is  given  to  the  hoop,  the  wine  glass  of 
water  is  sustained  in  its  place  by  the  centrifugal  force 
that  is  thus  generated ;  and  if  the  experiment  be  care- 
fully made,  not  a  single  drop  of  water  will  be  thrown 
fiom  the  glass. 


Si 
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LABORING  FORCES. 


31.  Wteiinirk  18  perfonned  by  any  agent,  there  fa  always  a  certain 

imjht«i««t«noc  moved  cnrer  a  certain  space    TTie  anumnt  of  work 

done  wiU  obnoualy  depend  upon  the  weight  or  reairtance  that  is  moTcd. 

and  the  space  over  which  it  is  moved    In  order  to  estimate  the  aawimt 

of  mwk  done  by  any  laboring  force,  it  is  requisite  that  we  should  fix 

upon  aome  tmit  of  tcorl:    Kow,  the  unit  of  wrk  adopted  in  this  coun- 

try  is  the  labor  expended  in  raising  a  pound  weight  one  foot  high  in  <». 

poMtion  to  gravity ;  or,  what  amounta  to  the  same  thing,  it  is  the  labor 

expended  in  maring  a  resistance  of  one  pound  through  the  space  of 

one  foot  in  opposition  to  the  direction  in  which  the  resistance  acts.  Rom 

tliis  dclinitiou  of  a  unit  of  ^-oik  it  follows,  that 

The  work  expended  in  raising  any  body  in  opposition  to 
^nivity  U  equal  to  the  product  of  its  weight  in  poundi  by  the 
\tTticaI  space  in  feet  through  which  it  is  raised. 

For  example,  the  work  expended  in  raising  50  lbs.  to  the  height  of  20 
fi\<t  will  be  c<iuaJ  to  50  X  20  s  1000. 

In  calculating  the  n-ork  requisite  to  pomp  water  fiom  a  mine,  it  ia 
t»!ily  n«\H^*w*ury  that  we  should  find  the  weight  of  the  water  in  pounds^ 
Mild  thill  multijJy  this  result  by  the  depth  of  the  mine  in  feet 

\\'\m\  n  hoi^t*  (ha^^'s  a  carriage  along  a  road,  the  work  which  he  per- 
<'^:uH  w  oNp'ruUHl  in  overcoming  the  resistance  of  the  friction  of  the  road 
III  x\u'  iiuitiiWi  of  tho  carriage.  Now,  on  any  given  road,  this  resistance 
Mt  tWt'unx  U  liimply  proportional  to  the  weight  of  the  load;  £o  that,  in 
\  «d»' ul.it  I  nit  thf>  yxvrkt  we  allow  eo  many  pounds'  rosistanoe  for  every  ton 
>^t'«  .ht  ill  tho  Irtid.  The  work  in  this  case  will  be  %nd  by  multiplj-ing 
tho  ^»f  ;il  nv.i%tJina«  of  friction  in  ix)unds  by  the  space  in  feet  over  which 

It  ia  nUt  oui'tiuiiary  to  express  work  in  units  of  a  hone  power.  Watt 
^^KiimUhI  thtit  A  h(Uik>  could  perform  33,000  units  of  ^^-ork  per  minute; 
\\\\%  >\%yKi  lh<Mvtliits  U  r;Ulcd  a  horsepower.  In  order,  therefore,  to 
Amimum*  I)k»  mindw  kiH  horse  powers  of  an  engine  requisite  for  per- 
Kmmuuh  h  i'imMIu  amount  of  work,  ^ve  must  first  find  the  numbered 
wu»,s\|*  \\\\\V  \\\\\A\  m\*X  bt>  done  per  minute, and  then  divide  this 
»V«mU  K\  c*»»»OtHI  to  timl  the  nunibiT  of  horse  lowers.   « 

Kx  IMPLES. 

^     \     \\y\\\  Mmuy  bow»  iH»wrn«^wuld  it  take  to  raise  2  cwt  of 
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Depth  of  the  pit  in  feet»  =     6  X  100 s=        600; 

"Work  to  be  done  per  min.,  =  224  X  600  =  184.400 ; 

134^400 
No.  of  horse  powers,  =  ^-     -    =  4.07,  Ant. 
33,000 

£».  %  Bequized  die  saxns  as  in  the  lost  eaumxpk^  when  the  weig^ 
of  the  coals  is  I  cwtL»  and  the  depth  of  the  pit  is  400  &thoms. 

Am,  8.14. 

Ex,  8.  How  many  horae  powem  would  be  required  to  laise  1000 
cnbie  &et  o£  water  per  hour  from  a  mine  whose  depth  is  ninety  fathoms  ?< 

Weight  of  water  in  lbs. »  62.5  X  1000  s=r  62,^00  lbs. ; 

Depth  of  the  mine  in  feet  »6  X  90  s=  540  feet; 

Work  to  be  done  per  hour  »  62,500  X  540 ; 

62,500  X  540 
Work  to  be  done  per  mizu  = — =  62,500  X  9  ;. 

y^     ^^  62.500X9        _     ^ 

No.of  horsepoweis  =      330,00"  ^  ^^'  ^"'- 

Ex,  4.  Required  the  same  as  in  the  last  example,  when  the  number 
of  cubic  ieet  of  water  as  1250,  and  the  depth  of  the  mine  =  43  fath- 
oms. Ana,  10.1. 

Ex,  6,    Jf  a  man  can  perform  2500  units  of  work  per  minute,  in 
what  time  will  he  pump  100  cubic  feet  of  water  from  a  well  whose  depth 
is  500  feet? 
Work  to  be  done  =»  100  X  62.5  X  500 ; 

^                 ^                   100  X  62.5  X  600  1260 

Time  to  do  the  work :« ^soo **  ^^^  minutes,  =»  -gT~ 

=  20.83  hours.  Am, 

Ex,  6.  Kequired  the  same  as  in  the  last  ezample,  when  the  number 
of  cubic  feet  of  water  =»  50,  and  the  depth  of  the  well  =  250  feet 

Ans.  5.2  houiBk 

Ex,  7.  What  must  be  the  horse  powers  of  a  locomotive  engine  which 
moves  at  the  steady  speed  of  30  miles  per  hour,  on  a  level  rail,  the  weight, 
of  the  train  being  25  tons,  and  the  resistance  of  friction  at  the  rate  of 
8  lbs.  for  every  ton? 

Total  resistance  of  friction  =  8  X  25  sa  200  lbs ; 

30  X  5280 

Distance  this  xeeistance  is  moved  over  ia  ft  per  min.  = -^ 

Bs. 2640  feet; 
Work  to  be  done  every  minute  s=  200  X  2640  ; 

200  X  2640 
Horse  poweiBof  the  engine  to  do  this  work  B»  ""33000 —  "^  ^^  ^"* 
powers.  Am, 

Ex,  8.  Required  the  same  as  in  the  last  example^  when  the  speed  s^ 
2fi  miles,  and  the  weight  of  the  engines^  60  tons. 

Ana,  32  hocse  powers. 
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General  Views  relative  to  Machines, 

32.  The  object  of  machinery,  properly  so  called,  is  lo  regulate  the  dis- 
tribution, or  change  the  direction  of  work,  not  to  increase  it.  If  there 
were  no  friction  or  any  other  resistances  to  the  motion  of  the  pieces  com- 
posing a  machine,  the  work  that  would  be  given  out  would  be  exactly 
equal  to  the  work  applied.  Dead  matter,  by  its  gravity,  produces  pres- 
sure, and  by  the  intervention  of  mechanism,  that  pressure  may  be  .in- 
creased or  decreased ;  but  toork  is  peculiarly  the  production  of  active  or 
living  agents.  To  suppose  that  machinos  are  capaUe  of  augmenting 
work  would  be  endowing  inert  matter  with  a  creative  power— the 
power  of  creating  work. 

In  all  instances  of  labor  performed  by  inanimate  matter,  there  is 
some  active  agent  of  nature,  sucl;  as  heat,  electricity,  or  gravitation, 
which  gives  rise  to  the  work ;  but,  in  the  case  of  merely  mechanical 
arrangements,  the  inert  matter  is  the  passive  recipient  of  work,  or  the 
channel  through  which  it  flows.  Ilence  we  may  lay  it  down  as  a  fun- 
damental axiom  in  mechanics,  that  (abstracted  from  friction  and  the 
resistance  of  the  ii^i)the  work  done  by  any  vMchine  it  the  tarns  at  Ma 
toork  applied.  Now,  as  the  work  is  the  product  of  pressure  and  motion, 
it  follows  that,  if  the  working  point  of  a  machine  moves  more  slowly 
than  the  driving  point,  then  the  pressine  at  the  former  will  be  greater 
than  it  is  at  the  latter.  Thus,  for  example,  if  the  power  applied  to  the 
extremity  of  a  lever  moves  twice  as  fast  as  the  weight  or  resistance  at 
the  other  extremity,  then  the  pressure  of  the  power,  in  order  to  raise  the 
weight,  must  be  only  one  half  of  the  pressure  of  the  weight  or  resist- 
ance, for  then  the  work  applied  by  the  power  would  be  exactly  equal  to 
the  work  done  in  raising  the  weight  or  resistance.  So,  in  like  manner, 
in  any  arrangement  of  wheels  or  pulleys,  if  the  power  applied  moves 
say  nine  times  as  fast  as  the  resistance  or  weight  to  be  raised,  then  the. 
pressure  of  the  power,  in  order  to  robe  the  weight,  must  be  only  one 
ninth  of  the  pressure  of  the  weight  or  resistance. 

Thus  it  appears,  from  the  principle  of  the  equality  of  work,  that  where 
the  power  applied  to  a  machine  is  just  able  to  raise  the  weight  or  resist- 
ance, the  potoer  and  the  weight  wiU  be  to  each  other  inversely  as  their 
velocities;  or,  in  other  words,  the  weight  moved  will  be  as  many  times 
greater  than  the  power  applied  to  move  it,  as  the  velocity  of  the  power  is 
greater  thon  that  of  the  weight.  Now,  the  number  of  times  that  the 
weight  is  greater  than  the  power  is  called  the  advantage  gained  by  the 
machine.  Hence  the  advant^e  gained  is  equal  to  the  number  of  times 
that  the  velocity  of  the  power  is  greater  than  that  of  the  weight ;  or,  in 
more  precise  language, 

The    advantage    gained  by  a  machine  is  equal  to  the 
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velocity  of  the  power  divided  hy  the  velocity  of  the  re- 
sistance. 

This  is  sometimeB  called  the  principle  of  virtual  velocities.  Pi-actical 
men  express  this  law  by  saying,  "  What  jfou  ffain  in  power  you  lose  in 
speed," 

MECHANICAL   POWERS. 

The  nmph  machines^  est  mecAanical  powers,  as  they  have  been  called, 
— •  the  lever,  the  wheel  and  axle,  the  pulley,  the  inclined  plane,  the 
wedge,  and  the  screw,  —  enable  man  to  adopt  any  species  and  speed  of 
power  which  he  can  command,  to  almost  any  work  which  he  has  to 
accomplish.  But,  as  we  have  already  explained,  the  advantage  gained  is 
simply  an  advantage  of  pressure,  not  of  work ;  for  what  is  gained  in 
pressure  is  lost  in  speed,  and  therefore  the  actual  amomit  of  work  done 
by  means  of  the  mechanical  power  is  neither  increased  uor  decreased ;  in- 
deed, if  the  friction  of  the  ports  of  the  machine  is  taken  into  account, 
the  work  done  by  it  is  really  less  than  that  which  would  be  done  by  tlie 
man  laboring  without  the  intervention  of  such  machinery. 

The  Lever. 

33.  The  lever  is  an  inflexible  bar  or  rod,  turning  on  a 
pivot,  which  is  called  ih^  fulcrum.  It  is  used  for  raising 
heavy  weights  over  a  short  distance. 


ThiM,  P  W,  (Fig.  26)  represents  a  crowbar  or  lever,  W  the  resistance, 
F  the  fulcrum,  and  P  the  point  at  which  the  power  is  applied. 

Fig.  27  represents  a  lever ;  C,  the  fulcrum  or  centre  of  motion ;  P  C, 
the  arm  to  which  the  pressure  of  the  power,  P,  is  applied ;  and  C  W, 
the  arm  to  which  the  pressure  of  the  weight,  or  resistance,  "W,  is 
applied. 

Now,  when  the  lever  comes  to  the  position  p  to,  the  power,  P,  has 


c 


36  NATURAL   AKD    E2CPEBUIENXAL  PH1LO0OPHT. 

moved  over  the  arc  P  p,  while  the       y 
weight  W  has  moyed  over  the  arc       T 

W  10;  these  arcs,  therefore,  reepec-     p- 

Hveij  represent  the  velocities  ci 

PandW.  \    .^j^-'" 

Here,  if  the  arm   C  P  were      pV^"*^ 
double  the  arm  C  W,  the  velocity  Fiff.  27. 

of  P  would  be  double  that  of  W, 

far  a  double  radius  would  sweep  over  a  double  arc ;  and  if  the  arm  C  P 
were  three  times  the  length  of  the  arm  C  W,  the  velocity  of  P  would 
be  three  times  that  of  W ;  and  so  on :  so  that  the  velocity  of  the  power 
is  as  many  times  the  velocity  of  the  weight  as  the  arm  by  which  the 
power  acts  is  longer  than  the  arm  by  which  the  weight  acts ;  and  there- 
fore, from  what  has  been  explained,  the  advantage  gained  will  be  found 
by  finding  the  number  of  times  that  the  arm  C  P  is  greater  than  the  arm 
C  W ;  thus,  if  C  P  be  3  times  the  length  of  C  W,  the  advantage  gained 
will  be  3,  and  a  pressure  of  1  cwt.  at  P  vnll  raise  a  resistance  or  weight 
of  3  cwt  at  W.  Again,  if  CP=56  feet,  andCWs=i  foot,  then  the 
advantage  gained  will  be  10,  because  6  foet  are  equal  to  10  times  i  foot ; 
and  so  on  to  other  cases. 

34.  Levers  are  divided  into  three  kinds,  according  to  the 
relative  positions  of  the  power  and  weight  with  respect  to  the 
fulcrum. 

Fig.  28  represents,  a  lever  of  the  Jirae    A_ 
kindf  where  ihe  power  P  and  weight  W 
act  on  opposite  sides  of  the  fulcrum  F. 
Fig.  26,  No.  1,  also  represents  a  lever  of 
the  first  kind. 

Fig.  29  represents  a  lever  of  the  aeeond      ^  p.    gg^ 

hind,  where  the  power  P  and  weight  W 

act  on  the  same  side  of  the  fulcrum  F ;  but  W  is  nearer  to  the  fulcnim 
than  P.    Fig.  26,  No.  2,  also  represents  a  lever  of  the  second  kind. 
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Fig.  30  represents  a  lever  of  the  third  kind,  where  the  power,  P,  and 
weight,  W,  act  on  the  same  side  of  the  fulcrum,  F  ;  but  P,  in  this  case, 
is  nearer  to  the  fulcrum  than  W. 

When  a  man  raises  a  ladder  against  a  wall,  (see  Hg.  31,)  he  employs 
a  lever  of  the  third  kind.    In  this  case,  the  fulcrum  is  at  the  foot  of  the 

ladder,  the  power  is  api^ed  by  the  hand  of  the  

man,  and  the  resistance  is  the  weight  of  the 
ladder  itself^  which  acts  through  its  centre  of 
gravity,  G. 

In  the  lever  of  the  second  kind,  (see  Fig.  29,) 
if  the  arm  A  F,  by  which  the  power  acts,  is  5 
feet,  and  the  arm  B  F,  by  which  the  weight 
acts,  is  2  feet,  then  the  advantage  gained  will 
be  5  -r  2  =  2i ;  that  i»  to  say,  a  power  of  1 
cwt.  appUed  at  A  will  just  balance  a  weight 
of  2i  cwt.  applied  at  B,  and  a  power  of  60  lbs. 
applied  at  A  will  balance  a  weight  of  21  times 
60  lbs.,  or  150  lbs.,  applied  at  B  ;  and  so  on  to 
other  cases. 

In  the  lever  of  the  third  kind,  (see  Fig.  30,) 
there  is  power  lost ;  for  example,  if  B  F  be 
twice  A  F,  then  a  weight  of  1  cwt.  suspended  at  B  wiU  require  a 
power,  P,  of  2  cwt.  applied  at  A  to  sustain  it. 

A  poker,  as  it  is  usually  employed  in  stirring  the  fire,  is  an  instance 
of  a  lever  of  the  first  kind ;  where  the  bar  of  the  grate  is  the  fulcrum, 
and  the  resistance  moved  is  the  coal  of  the  fire.  The  clawed  hammer, 
as  it  is  used  in  drawing  out  a  nail,  is  also  a  lever  of  the  first  kind.  The 
nut-cracker,  the  oar,  &c.,  are  levers  of  the  second  kind.  The  fire  tongs, 
the  sugar  tongs,  &c.,  belong  to  leveis  of  the  third  kind. 


Fiff.  31. 


Wheel  and  Axle. 

35.  This  mechanical  power  is  only  another  form  of  the  lever,  where 
the  power  is  made  to  act  without  intermission.  In  its  most  simple  form, 
it  consists  of  a  horizontal  axle.  A,  (Fig.  32,)  and  large  wheel,  R,  which 
turn  upon  two  pivots  supported  in  gudgeons.  A  cord  wrapping  round 
the  axle.  A,  sustains  the  weight,  W,  and  another  cord  wrapping  round 
the  wheel,  H,  in  a  conlnw  direction,  sustains  the  power,  P.  These 
fiffces  always  act  in  the^Htton  of  a  tangent  to  the  circle.  Here  the 
leverage  of  the  power  isll|Ridius  or  the  wheel,  and  the  leverage  of  the 
weight  is  the  radius  of  the  axle ;  hence  the  advantage  gained  is  equal 
to  the  number  of  times  that  the  radius  o^  the  axle  is  contained  in  the 
radius  of  the  wheel :  thus,  if  the  radius  of  the  wheel  is  24  inches,  and 
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that  of  the  axle  3  inches,  then  the  advantage  gained  would  be  8,  and  a 
power  of  1  cwt.  apiJicd  to  the  wheel 
would  balance  a  weight  of  8  cwt. 
suspended  from  the  axle. 

36.  The  wiiidlass  is  only  another 
form  of  the  whcd  and  axle,  where  the 
handle  C  J)  is  substituted  in  the 
place  of  the  whceL  In  this  case,  the 
advantage  gained  is  equal  to  the  num- 
ber of  times  that  the  length  of  handle 
is  greater  than  the  radius  of  the  axle : 
thas,  far  example,  if  the  length  of  the 
handle  is  18  inches,  and  the  radius  of 
the  axle  is  2  inches,  ^len  the  advantage  would  be  0,  and  a  ; 
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60  lbs.  applied  at  the  handle  wx)uld  just  raise  a  weight  W  of  9  times 
60  lbs.,  or  640  lbs. 

Combination  of  Wheels  and  Axtes. 

37.  In  Fig.  34,  F  is  a  wheel,  to  which  the  power  P  is  applied,  and 
B  C  its  axle,  turning  upon  a  common  axis ;  A  D  another  wheel,  with 
its  axle  £  sustaining  the  weight, 
W.  The  motion  of  the  axle 
B  C  is  transmitted  to  the  wheel 
A  by  means  of  a  cord. 

To  calculate  the  advantage 
gained,  let  the  radius  of  the 
wheel  F  be  18  inches,  that  of 
its  axle  B  C  2  inches,  the  radius 
of  the  wheel  A  D  36  inches, 
and  that  of  its  axle  E  3  Inches ; 
then  the  advantage  gained  by 
the  first  wheel  and  axle  will  be  JV^,  84. 
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equal  to  18  -7-  2  =  9,  so  that  if  P  be  1  lb.,  A  ^ill  produce  a  force  of  9 
lbs.  on  the  cord  C  A.  The  advantage  gained  by  the  second  wheel  and 
axle  will  be  36  -^  3  =  12,  so  that  a  Ibrce  of  1  lb.  applied  to  the  cord, 
C  A,  will  sustain  a  weight  W  of  12  lbs. ;  and  thcrelore  a  weight  of  9 
lbs.  appUed  to  the  cord  C  A  will  sustain  a  weight  W  of  9  limes  12 
lbs.,  ot  108  lbs. ;  so  that  the  total  advantage  gained  will  be  IDS. 

Cogged   Wheels. 

38.  Let  D  (Fig.  35)  be  a  cogged  or  toothed  wheel,  turning  upon  the 
same  axis  as  the  wheel  C  ;  Q  another  cogged  wheel,  acted  upon  by  the 
former,  and  turning  upon  the  same 

axis  as  the  axle  I.  From  the  wheel 
C,  is  suspended  the  pdwer  P,  and 
from  the  axle  I,  the  weight  W; 
then  while  P  descends,  the  wheel  C 
and  the  cog  D  will  be  turned  round, 
and  a  corresponding  number  of  teeth 
in  the  cog  Q  will  be  turned  in  a  con- 
trary direction ;  and  thus  the  cord 
I  W  will  be  coiled  up  upon  the  axle 
I,  and  the  weight  W  will  be  raised. 

W^en  the  radii  of  the  wheels  and  axles  are  given^  the  advantage 
gained  by  this    machine  will  be 
found  in  the  same  manner  as  in  the 
foregoing  combination. 

39.  When  the  axle  is  placed  in 
a  vertical  position,  and  the  power 
is  applied  by  means  of  bars  or  levers 
inserted  into  the  holes  at  H,  as 
shoivn  in  Fig.  30,  the  machine  is 
called  a  capstan.  In  this  case,  the 
cable  coils  round  the  axle  in  the 
form  of  an  endless  rope,  which 
winds  roimd  the  lower  part  of  the 
axle,  and  at  the  same  time  un- 
winds from  the  upper  part.  The  axle  is  made  conical,  to  enable  the 
workman  to  shift  the  cable  upwards,  as  it  becomes  necessary. 

40.  The  gib  crane^  represented  in  Fig.  36  a,  is  a  useful  application  of  the 
wheel  and  axle ;  D  O  is  a  vertical  beam,  resting  as  well  as  turning  upon 
a  pivot  at  its  under  end,  and  supported  in  its  upright  position  by  stays 
in  the  floor,  with  rollers  attached  to  them ;  K  B  is  an  arm  projecting 
from  the  beam  D  O,  having  a  pulley  B  at  its  extremity ;  the  axes  of 
the  wheel  work  are  supported  by  two  cast  iron  crosses,  bolted  on  each 


Fig.  36. 


AJtD 


^««JU1IWTAL 


'■n.OSOFHT. 


'V 


-V  •♦••'li'l 


t 
tl 


Fif.  36  « 

.    .,  xxu;  this  pinKM,  t«n>.  the  nur  whed  «.^-*  ^^ 

.  w«l  or  «lo  A.  K.u„d  „„<.h  .he  ch«n  i,  ^Ued^hL^ 
..     K-  jH.Uqr  D.  «.d  h«  .  h«>k  «  it,  extremity  feTj.^ 

""  TL^;^       J)"  *''  -^'"  "^  Wn«  turned  »^ 

.u.  .  wcght  r««^  fn^  one  side  of  it  may  be  turned 

.o»  u  «t  the  onx^te  «.lo.  or  «  „y  p.rt  within  the  sweq, 

^Oufltoad  the  mtotniction  of  a  cnuie.  yott  should  go  ^ 

7^e  Puttfy. 

vvw^  ?  A  B  W  passes  orcr  a  fixed  whcd  C  tezning  on 
WiiMA  it  called  a  pulley.    A  force  puU- 
\  v'AUjiet  the  wheel  C  to  turn  upon  its 

^  ^  Uie  turc]  im  tt"^  ^'tl^;  and  as  the 
IMfli  i^ofil  t^qiial  m  Itiij^^th  to  the  space 

.  (|{  f  mtd  W  mU9ct  tx  equal;  far, 

,  ikmoiid*  W  will  ft^cnd  thnmgh 

WW.**  whrn  t'tniili^rinrja  takes  place, 

u^  vlw  *iiitfle  rord  T  A  B  W  must 

I  4Mi4  rlu^  tcnNifin  "^  the  portian 

r^l  iVdMwiPii  ftf  tli+:  portion  B  W; 

^,*  i^  MMud  to  tiifi  wei£[ht  W, 


iTi^.ar 


1 


THE   rCLLBT. 


41 


H 


-L, 


FMT 


\P 


Pig.  38  shows  the  mancer  in  which  a 
palley  is  constructed. 

The  pulley  is  said  to  be  Jixed  or  mO' 
vable,  according  as  its  block  is  fixed  or 
movable.  There  are  yaiious  combina- 
tions of  pulleys ;  in  all  of  them  a  force 
called  the  power  (P)  is  applied  to  the 
first  string,  and  this  sustains  another 
force,  called  the  weight,  (W,)  applied 
to  the  last  string. 

In  Fig.  30  a  continuous  cord  P  AB  D 
passes  over  a  movable  pulley  C,  and  is 
fixed  to  a  hook  at  D.  The  power  is  applied  at  P ;  and  the  weight  W 
to  be  raised  is  suspended  from  the  block  of  the  pulley.  Here,  as  W  is 
suspended  by  two  cords  A  P  and  B  D,  each  cord  must  sustain  one 
half  the  weight  —  that  is  to  say,  the  power  will  be  one  half  the  weight, 
or  a  power  of  1  lb.  will  support  a  weight  W  of  2  lbs. 


Fig.  39. 


Fig,  40. 


In  Fig.  40  F  is  ajlxed  putteg,  and  C  a  movable  one ;  the  single  or  con* 
tmuous  cord  P  K  Q  A  B  D  passes  over  the  wheels  F  and  C,  and  is  fixed 
to  a  hook  D.  If  W,  with  its  pulley  C,  ascend  1  foot,  the  cords  B  D 
and  A  Q  will  each  be  shortened  1  foot,  and  therefore  the  cord  K  P  will 
be  lengthened  2  feet  —  that  is,  the  velocity  of  P  will  be  double  the  velo- 
city of  W ;  and,  therefore,  on  the  principle  of  virtual  velocities,  the 
advantage  will  be  2  —  that  is  to  say,  1  lb.  suspended  at  P  will  sustain  2 
lbs.  suspended  at  W. 

42.   Principle  of  Tension.  —  The  single  cord  P  Q  B  D  will  have  the 

same  tension  in  every  part ;  now,  W  hangs  by  the  two  cords  B  D  and  A  Q ; 

therefore  each  cord  must  sustain  a  weight  equal  to  one  half  W  —  that  is, 

4* 
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the  cord  A  Q  inll  have  a  tensiofii  of  one  half  W ;  but  this  tension  is  ze- 
sistcd  by  the  power  at  P  ;  therefore  P  must  oiso  be  one  half  \V. 

Ill  the  annexed  system  there  are  two  movable  pulleys,  A  and  B,  and 
one  fixed  pulley,  C.  Here  the  string  to  which  h- 
thc  power  is  attached  passes  over  the  fixed  pul- 
ley C,  then  round  the  movable  puUey  A,  and 
has  its  extremity  fixed  at  T.  Another  string 
is  attached  to  the  block  of  the  pulley  A,  then 
passes  round  the  movable  puUey  B,  and  has  its 
extremity  fixed  at  N.  HerePQR  AT,  being 
a  continuous  cord,  will  be  stretched  equally 
throughout  the  whole  of  its  length ;  and  the 
cords  A  R  and  S  T  will  each  have  a  tension  P 
lbs. ;  and,  therefore,  a  weight  of  2  P  lbs.  must 
be  suspended  fix>m  D.  In  like  manner,  since 
D  B  L  N  is  a  continuous  cord,  L  N  and  B  D 
will  have  the  same  tension  —  that  is,  each  of 
them  will  have  a  tension  of  2  P  lbs.;  and, 
therefore,  a  weight  of  twice  2  P  lbs.,  or  4  P 
lbs.,  must  be  suspended  from  K ;  that  is  to  say, 
in  the  system  represented  in  Fig.  4 1,  we  have  W=  4  P. 

In  this  system,  (see  Fig.  42,)  a  single  or  continuous 
cord  passes  round  the  wheels ;  therefore  every  portion  ^ 
of  the  cord  must  have  the  same\ensbn ;  but  W  hangs 
by  six  cords ;  therefore  each  cord  will  carry  one  sixth 
of  the  weight  W,  and,  consequently,  the  power  P 
must  also  be  one  sixth  of  W ;  that  is,  W=  6  P. 

By  means  of  a  fixed  pulley  (see  Fig.  43)  a  man 
may  raise  himself  to  any  height,  or  let  himself  down 
to  any  depth.  Fire  escapes  have  been  constructed  on 
this  principle. 

43.  Pulleys  are  frequently  employed  for  changing  _.     .„ 
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Fig.  43. 


Fiff.  44. 
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the  direction  of  motion.  Fig.  44  showd  the  manner  of  converting  a 
horizontal  motion  into  a  vertical  motion.  C  and  B  are  two  fixed  pul- 
leys, having  a  continuous  cord  H  C  B  A  passing  over  them ;  A  is  the 
freight  to  be  raised  by  means  of  a  power  applied  to  the  horizontal  rope 
C  H.    In  this  case  there  is  no  mechanical  advantage  gained. 

This  figure  (45)  represents  a  system  of  pulle}Ti  called 
the  Spanish  barton.  A  and  C  are  two  movable  pul- 
leys, and  B  is  a  fixed  pulley ;  P  A  C  G  H  is  a  contin- 
uoxis  cord  passing  over  the  two  movable  pulleys,  having 
the  power  P  at  one  extremity,  and  the  other  extrem- 
ity fixed  to  a  hook  H ;  A  B  D  £  is  another  continuous 
cord  passing  over  the  fixed  pulley  B  D,  and  connecting 
the  blocks  of  the  two  movable  pulleys  A  and  £.  Let 
P  =  1  lb.,  then  the  cord  P  A  C  G  H,  being  a  single 
cord,  the  portions  P  A,  A  C,  and  G  H  will  each  have 
a  tension  of  1  lb. ;  but  the  cord  A  B  has  a  tension  of  2 
lbs.,  for  it  sustains  the  tensions  of  A  P  and  A  C.  Now, 
A  B  D  £  being  a  single  cord,  the  cord  £  D  has  the 
same  tension  as  the  cord  A  B ;  that  is,  £  D  must  sus- 
tain a  tensbn  of  2  lbs. ;  but  the  cords  G  H  and  A  C 
have  each  a  tension  of  1  lb. ;  therefore  W  must  be  4 
lbs.,  in  order  to  produce  the  tensions  of  G  H,  £  D,  and 
C  A.    Hence,  if  P  be  1  lb.,  W  must  be  4  lbs. 


Fiff.  46. 


The  Inclined  Plane. 

44.  What  a  horse  draws  a  load  up  a  hill,  the  road  forms  an  inclined 
plane,  and  the  more  gentle  the  slope  the  more  easily  does  the  horse  draw 
the  load.  The  vertical  space  through  which  the  weight  or  load  is  raised 
is  the  vertical  elevation  of  the  hill ;  but  the  actual  space  over  which  the 
horse  draws  the  load  is  the  inclined  side  of  the  hill ;  therefore  the  advan- 
tage gained  by  the  incUned  plane  will  be  the  number  of  times  that  the 
length  of  the  plane  is  greater  than  its  vertical  height :  thus,  if  the  length 
of  the  inclined  plane  be  double  its 
height,  then  the  advantage  gained 
will  be  2 ;  that  is  to  say,  a  weight 
of  2  cwt.  would  only  require  a 
power  of  1  cwt.  to  draw  it  up  the 
plane,  (supposing  that  there  were 
no  friction.) 

Inclined    planes  arc    constantly 
used  for  rolling  casks  into  carts. 

The  inclined  plane,  as  a  mechani-  Fi^.  46. 
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ed  powa^kalio  freqiuntlj  used  in  oanBectaan  nith  ftictknal  nOn. 
In  this  wftj  workmen  are  enabled  to  nuae  hesry  itonn  into  a  cKt,  n 
shown  in  Fig.  46.  As  the  lollea  are  disengaged  al  the  knra  end  of  the 
atone  thejr  are  put  in  at  the  upper  end;  so  that  three  or  more  xoUos  are 
kept  continually  beneath  the  stone  as  it  is  being  railed  forwud. 

Let  A  C  (Fig.  47)  rqxcsent  an  incline,  A  B 
its  horiaontal  base,  B  C  its  yertical  height,  and 
B  A  C  its  angle  of  elevation.  Let  W  be  the 
weight  placed  upon  the  plane,  and  P  the  power 
of  drawing  up  this  weight,  by  meana  of  the  cord 
P  B  W  passing  orar  the  pulley  B  D,  the  coed 
D  W,  in  this  case,  being  parallel  to  the  plane. 

To  find  the  ratio  of  the  vertical  Telodties  of 
P  and  W.  Here^  while  W  mores  fiom  A  to  C, 
It  wiU  have  been  raised  the  vertical  height,  B  C, 
of  the  plane,  and  the  coid  D  W  being  shortened 
a  space  equal  to  A  C,  P  will  have  descended  a 
space  equid  to  A  C,  the  length  of  the  plane; 
hence  the  vekxdtiea  of  P  and  W,  estimated  in  a  vertical  direction,  will 
be  to  each  other  as  the  length  of  the  plane  to  its  height;  therefore  the 
advantage  gained  will  be  equal  to  the  length  of  the  plane  divided  by  its 
height;  that  is,  -«-_.    «  for  example^  AC=7  feet,  and  BC= 

2  feet,  then  the  advantage  gained  will  be  7-f'2s3i;  that  is  to  say,  a 
power  P  of  1  cwt  will  sustain  a  weight  W  of  3}  cwt. 

J6.  Thismechanicalpower  is  merely  a  movable  indmed  plane.  It  is 
<*iefly  used  mspUtting  timber,  and  in  spUtting  rocks  in  quarries.  All 
i^arp.<^  tools,  such  as  knives,  axes,  &c.  act  upon  the  principle  of 

the  wedge.  The  power  of  the  wedge  depends  upon  the  sharpness  qf 
Its  edge.  ^      ^ 

Let  ABC  represent  a  movable  inclined 
plane,  or  wedge,  sliding  along  thesuriaceHR 
by  the  force  of  a  pressure  P  appUed  to  the 
.  back  B  q  of  the  wedge  in  a  direction  parallel 
to  HR;  and  let  W  be  a  heavy  rod  restiDg 
upon  the  inclined  side  A  C,  and  constrained 
to  move  in  a  vertical  direction.  Here  the 
weight  W  acts  vertically,  and  the  power  P 
horizontally.  As  the  wedge  is  being  pushed  forward,  the  rod  D  W  will 
be  raised;  » that,  while  the  wedge  haa  passed  over  a  space  equal  to  ita 
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length  B  A,  the  fod  will  haTd  been  raxaed  thxoagh  a  space  equal  to  the 
thickness  B  C  of  the  wedge ;  that  is,  while  the  pressure  P  has  passed 
orer  a  space  equal  to  A  B,  the  weight  W  has  passed  over  a  space  equal 
to  B  C ;  hence  the  advantage  gained  will  be  equal  to  the  number  of 
times  that  the  thickness  of  the  wedge  is  contained  in  its  length ;  thus, 
if  the  length  A  B  be  9  inches,  and  the  thickness  B  C  1^  inches,  the 
advantage  gained  will  be  9 -f-  lis=6 ;  that  is  to  say,  a  pressure  of  1  lb. 
applied  to  the  head  of  the  wedge  will  produce  an  upward  pressure,  in 
the  direction  D  W,  of  6  lbs. 
Here  Fig.  49  shows  the  foxm  of  the  wedge  as  it  is  eipployed  in  split- 


Fig.  49. 
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ting  timber,  where  C  E  is  the  length,  D  C  the  edge,  and  G  B  or  AF  the 
thickness.  In  Fig.  50,  the  resistance  acting  at  F  arises  from  the  adhe- 
sion of  the  material  that  is  being  spHt ;  and  the  power  applied  at  A  B  is 
the  impetus  given  by  the  stroke  of  a  heavy  mallet  The  great  power  of 
the  wedge,  used  in  this  manner,  depends  almost  entirely  upon  the  workt 
accumulated  in  the  mallet,  being  at  once  delivered  upon  the  head  of  the 
wedge. 

The  wedge  is  frequently  employed  in  raising 
great  weights  for  a  short  distance ;  in  such  cases 
two  wedges  are  made  to  act  together,  as  in  the 
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annexed  figure,  where  A  B  c{  c  and  dbao  rep-        *  r^ I  <     << 


Fig.  tf  1* 


resent  two  similar  wedges  employed  for  raising  \ 
the  mass  W,  by  simultaneous  strokes  given  to 
the  heads  A  c  and  dh»    It  is  evident  that  the ' 
plane  of  a  5  will  always  be  parallel  to  A  B. 

The  Screw. 

46.  In  this  simple  machine  the  power  moves  in  a  circle  whose  radius 
is  the  length  of  Uie  lever,  or  arm  of  the  screw,  whilst  the  weight  or 
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reBiatance  is  moved  in  a  right  line  having  the  direction  of  the  axis  of 
the  cylinder  on  which  the  threads  of  the  screw  ore  formed.  A  screw 
may  be  regarded  as  a  movable  inclined  plane  formed  upon  the  surface  of 
the  cylinder ;  for  if  we  suppose  one  revolution  of  the  thread  to  be  im- 
wrapped,  it  will  form  an  inclined  plane,  in  which  the  drcumfcrence  of 
the  cylinder  Mill  be  the  length  of  the  plane^  and  the  distance  between 
the  threads  the  height  of  the  plane. 

Let  cname  (Fig.  52)  be  a  spiral  groove eut  upon  a  cylinder  after  tbv 
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manner  just  descxibed ;  C  D  the  axis  upon  which  the  cylinder  tarns ; 
A  B  a  rod  parallel  to  the  axis  C  D,  and  having  a  pin  or  tooth,  e,  fitting 
the  groove  of  the  screw.  Now,  when  the  handle  C  P  is  turned  in  the 
direction  of  the  axrow,  the  pin  e,  with  its  rod  A  B,  is  moved  towards  the 
right ;  so  that  in  one  revolution  the  pin  will  have  moved  from  e  to  a,  the 
distance  between  the  threads  of  the  screw ;  and  in  the  second  revolution 
it  will  have  moved  from  a  toe,  and  so  on.  The  rod  A  B  will  thus  be 
moved  in  a  rectilinear  path,  parallel  to  the  axis  C  D.  In  one  revolution 
of  the  handle,  therefore,  the  power  P  will  have  passed  over  a  space  equal 
to  the  circumference  of  the  circle  described  by  the  handle,  and  the  weight 
or  resistance  W  will  have  moved  over  a  space  equal  to  the  distance  be- 
tween the  threads  of  tlie  screw.  Hence  the  advantage  gained  will  be 
equal  to  the  drcumference  of  the  circle  described  by  the  power  P  divided 
by  the  distance  between  the  threads  of  the  screw.  Thus,  if  the  circum- 
ference described  by  the  handle  P  C  be  20  inches,  and  the  distance  c  a 
between  the  threads  of  the  screw  i  inch,  then  the  advantage  of  pressure 
gained  will  be  20  -^  1=40  ;  that  is  to  say,  if  a  pressure  of  50  lbs.  be 
applied  at  P,  it  will  produce  a  pressure  of  40  times  50  lbs.,  or  2000  lbs., 
in  the  direction  A  B. 

In  the  place  of  a  single  tooth,  c,  and  the  rod,  A  B,  it  is  customary  to 
have  a  series  of  teeth,  in  the  form  of  a  reverse  or  hollow  screw,  exactly 
fitting  the  spiral  groove  formed  on  the  cylinder  or  soHd  screw  C  D  ;  the 
reverse  screw  thus  formed  is  called  the  nut.  In  most  applications  of  the 
screw,  the  nut  revolves,  while  the  solid  screw  moves  in  a  longitudinal 
direction. 
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The  Common  Press, 

47.  The  screw  is  used  in  cases  where  a  great  pressure  is  to  be  exerted 
through  a  small  space.  The  common  press  is  one  of  the  most  useful 
applications  of  this  mechanical  power. 

Fig.  53  represents  a  bookbinder's  press, 
where  S  S  is  the  solid  screw  working  in 
the  hollow  screw  or  nut  n,  resting  on  the 
fixed  board  c;  B  the  press  board,  fixed 
to  the  top  of  the  screw,  and  admits  of 
being  moved  vertically  between  the  sides 
of  the  frame,  llie  solid  screw  S  S  is 
incapable  of  revolving,  but  moves  longi- 
tudinally, or  in  the  direction  of  its  length ; 
whereas  the  nut  n  revolves,  but  does 
not  move  longitudinally,  or  in  the  direc- 
tion of  the  length  of  the  screw.  •  The 
nut  is  turned  by  means  of  the  lever  P, 
which  is  inserted  in  the  holes  formed  on 
the  edge  of  the  nut.  The  material  to 
be  compressed  is  placed  between  the 
press  board  B  and  the  fixed  beam  D. 

In  one  turn  of  the  lever  P,  the  screw 
S  S,  with  its  press  board  B,  is  moved 

upward  a  space  equal  to  the  distance  between  the  threads  of  the  screw. 
Hence  we  have  the 

space  described  by  P 
Advantage  gained  =  distance  between  the  threads. 
Thus  if  P  s\*'eep  a  circle  of  20  feet,  or  240  inches,  and  the  distance 
between  the  threads  of  the  screw  be  |  of  an  4nch,  then  the  advantage 
of  pressure  gained  will  be  240  -f  |  =  320 ;  that  is.  if  a  man  exert  a 
pressure  of  56  lbs.  upon  the  extremity  of  the  lever,  then  the  upward 
pressure  produced  upon  the  press  board  will  be  320  times  56  lbs.,  or 
17,920  lbs.  =  8  tons. 


Fig.  63. 


Wheel  Work. 

48.  Motion  may  be  commimicated  fixmi  one  axis  to  another  by 
means  of  cords  or  straps,  as  in  case  shown  in  Fig.  34,  or  by  means  of 
toothed  wheels,  as  shown  in  Fig.  35.  If  the  toothed  wheel  B  drive 
the  toothed  wheel  A,  (Fig.  54,)  then  B  is  called  the  driver,  and  A  the 
follower.  Wheels  acting  in  this  manner  are  also  called  epur  toheeU, 
Small  toothed  wheels  are  called  pinions ;  thus  B  may  be  called  a  pinion 
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in  relation  to  A.    Two  toothed  wheela  ate  Baid  to  be  tn  gear  when  their 
teeth  are  engaged  together,  and  out  of  gear  when  they  are  separated. 

If  B  contain  16  teeth,  and  A  90,  then  B  must  turn  round  six  times 
in  order  that  A  may  turn  round  once.  Or,  generally,  if  A  make  one 
revolution,  the  number  that  B  will  make  is 
found  by  diyiding  the  number  of  teeth  in  A 
by  the  number  in  B.  Or,  since  the  number 
of  teeth  in  the  wheels  is  proportional  to  their 
radii,  the  ntunber  of  rerolutlons  of  B  will  also 
be  found  by  dividing  the  radius  of  A  by  the 
radius  of  B;  thus,  let  the  radius  of  A  be  16 
in.,  and  that  of  B  3  in.,  then  B  will  make 
five  revolutions  while  A  makes  one. 

In  the  train  of  toheeU  represented  in  Fig.  65, 
the  motion  of  the  axis  Ni  S  is  transmitted  to 
three  distinct  parallel  axes.    Ni  is  the  first  ^9*  ^*" 

driving  wheel,  ni  its  follower ;  Nj  is  the  second  driving  wheel,  n^  its  fol- 
lower ;  and  so  on.    Let  the  ntunber  of  teeth  in  N,  ~  3d,  in  fh  =  9, 


Fig.  55, 

in  N,  =s  32,  in  n,  Es  8,  in  Ng  =  35,  and  in  n,  =s  7 ;  then,  while  the  asus 
of  Ni  makes  one  revolution,  the  axis  of  %  will  make  80.  In  order  to 
prove  this,  suppose  the  driVer  Ni  to  make  one  revolution,  then,  while  Ni 
makes  one  revolution,  the  number  of  revolutions  which  n^  vriU  make 
r=  36  -r  9  es  4.  Now,  as  Nj  revolves  on  the  same  axis  as  n^,  the  driver 
Ns  will  make  four  revolutions  while  N  makes  one.  In  like  manner,  Ng 
will  make  foxu:  revolutions  while  Nt makes  one;  but  X, makes  four 
revolutions  while  Ni  makes  one ;  therefore  N,  must  make  four  times 
four  revolutions,  or  sixteen  revolutions.  In  like  numner,  n^  vnll  make 
five  revolutions  while  N,  makes  one ;  but  Ns  makes  sixteen  revolutions 
while  Ni  makes  one ;  therefore  ih  will  make  sixteen  times  five  revolu- 
tions, or  dghty  revolutions,  while  N,  makes  one. 

When  motion  is.  to  be  transferred  fi!t>m  one  axis  to  another  axis  at 
right  angles  to  it,  we  must  use  crown  wheels,  bevelled  wheels,  or  fooe 
wheels. 
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Crown   Wheels* 

49.  This  figure  56  xcpresents  a  crown 
wheel  B,  with  its  pinion  A,  haying  their 
axes  at  right  angles  to  each  other.  The 
teeth  in  the  crown  wheel  are  cut  on  the 
edge  of  a  hoop,  and  the  jnnion  is  made 
thicker  than  usuaL  This  kind  of  wheel 
is  used  in  dock  and  watch  work. 
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Face   Wheel  and  Z/miem. 

50.  In  Fig.  57,  F  represents  a  face  wheels  with  its  lantern  L.  Motion 
is  here  transfeired  from  a  vertical  axis  to  a  horizontal  one.  The  teeth 
inserted  into  the  face  of  the  wheel  F  are  called  coge^  which  are  now 
usually  made  of  iron,  while  the  round  etavea  forming  the  teeth  of  the 
lantern  are  made  of  hard  wood ;  for  it  has  been  ascertained  that  iron 
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cogs  work  with  less  noise  and  friction  upon  wooden  stares,  than  when 
the  cogs  and  staves  are  made  of  the  same  material.  The  fietce  wheel 
and  lantern  have  been  much  used  in  mill  work. 

Bevel   Wheeh,  or  Bevel  Gear. 

51.  Let  E  B  and  F  B  (Fig.  58)  be 
two  axes  of  rotation,  cutting  each  other  m 
B.  Two  right  cones  A  B  C  and  B  D  C, 
touching  each  other  in  the  line  B  G  C,  are 
formed  upon  these  axes.  If  the  cone  B  D  C 
revolve  on  its  axis  £  B,  it  will  communi- 
cate, })y  rolling  contact,  a  rotatory  motion 
to  the  cone  ABC,  upon  its  axis  F  B. 
5 
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In  practice,  frustra  of  flM  coneB  V9  employed,  as  A  C  G  J,  and 
C  D  H  G. 

These  cones,  or  frustra  of  cones,  will  obriously  perfbnn  their  zerola- 
tiona  in  the  same  manner  as  the  spur  wheda  in  Fig.  64. 

On  these  smooth  sur&ces  of  the  fhtstra  a  series  of  equidistant  teeth 
may  be  cut,  directed  to  the  apex  B  of  the  cone,  so  that  a  line  passing 
from  the  apex  B  to  the  outline  of  the  teeth  upon  the  bases  of  the  oonet 
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shall  touch  the  teeth  in  every  part;  as  shown  in  the  annexed  cut, 
(Fig.  59,)  where  B  is  the  apex  of  the  cones  B  A  C  and  B  D  C,  F  and  £ 
the  two  axes  of  the  bevel  toheeie  A  C  and  D  C,  intersecting  in  the 
apex  B. 

Wheels  cut  in  this  manner  are  called  bevel  gear.  Two  bevel  wheels 
of  this  kind  will  always  communicate  motion  from  one  axis  to  another, 
provided  these  axes  intersect  each  other;  this  pafiat  of  intersection  is 
always  made  the  apex  of  the  frustra  forming  the  bevel  wheels. 


Rack  and  Pinion. 

52.  When  a  dicular  motion  is  to  be  changed  into  a  rectilinear  one^ 
the  teeth  are  cut  upon  the  edge  of  a  straight 
bar,  A  B,  (Fig.  60,)  so  that  they  may  work 
with  the  teeth  upon  the  wheel  or  puiion  P.' 
The  toothed  bar  A  B  is  called  a  radt^  and  is 
constrained  to  move  in  its  rectilinear  path  by 
guides  or  roQers. 
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.  63.  The  way  in  which  a  eontinuoiu  motioxi  is  given  to  a  wheel  by 
means  of  a  treadle  board  is  shown  in  Fig.  61.    e  c{  is  a  treadle  board, 
or  a  board  that  is  moTed  by  the  pressure  of  the  foo/t ;  the  oord  cae 
passes  over  the  pulley  a,  and  is  attached  to 
the  crank  m  0  of  the  wheel  m.    While  the 
extremity  c  of  the  treadle  describes  a  recip- 
rocating circular  motion,  the  wheel  m  re- 
volves continuously.        ^ 

54.  Fig.  62  shows  the  way  in  which  a 
forge  hammer  is  moved  by  the  continuous 
circular  motion  of  a  drum  wheel  or  cylinder. 
The  cylinder  a  (see  Fig.  62)  has  five  pecu- 
liar shaped  teeth  upon  it,  called  %Diper»  or 
tappeU,  which  strike  the  extremity  of  the 
handle  of  the  hammer  at  successive  intervals.  Hie  hammer  b  turns 
"upon  a  lever  5  «,  whose  axis  is  C ;  the  extremity  0  of  the  lever  ia  de^ 
,. pressed  by  the  wipers,  and  thus  the  hammer 
is  raised ;  but  the  moment  the  wiper  disen- 
gages itself  from  the  lever,  the  hammer  falls 
by  its  weight,  and  strikes  the  heated  iron 
placed  upon  the  anvil  A.  In  this  case,  the 
hammer  would  make  fivd  lifts  and  five 
strokes  for  every  revolution  of  the  wheel. 

in  this  nedumism,.  a  continuocis  dzcular 
motion  is  converted  into  an  intermittent  t6* 
dprocating,  or  up  and  down  motion. 

66.  Fig.  63  ribows  the  way  in  which  a  oo&tinaaus  dreuliir  motion 
may  be  conVextadt  into  «  contiauottB  recqnoeating,  or  badk  and  fisrwatd 
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flotion.  0  is  a  whiel  portiaUy  iimushed  with  teeth,  acting  on  two 
radu,  f  and  n,  placed  on  different  sides  of  it ;  the  teeth  in  these  tadn 
■realteiiMtdy  engaged  by  the  teeth  of  the  wheel,  so  that  the  oontiniioQi 
eiEealas  motion'of  the  wheel  e  gives  a  regular  back  and  toward  notioB 
to  tha  lod  ▲  B»  plaeed  between  fiactianal  roUen. 
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EXBBCDES  ON  MBCHAinCi. 

1.  A  body  moves  through  a  space  of  540  feet;  its  Telodtj  is  6  fett 
per  second :  what  will  be  the  time  of  its  motion  ?      Am.  li  minutes. 

2.  A  csnier  pigeon,  flying  with  a  unifonn  speed  of  16  feet  per  sec- 
ond, was  24  houxs  in  passing  from  a  ship  at  sea  to  the  land :  required 
the  distance  in  miles.  Am,  246^  mileB. 

3.  A  ball  of  7  lbs.  is  moving  with  a  Telocity  of  9  feet  per  second; 
and  a  ball  of  3  lbs.  moves  with  a  velocity  oM4  feet  per  second:  what 
are  their  comparative  momenta  ?  Am.  3  to  2. 

4.  A  fiJling  body  required  7  seconds  to  reach  the  ground:  through 
what  space  did  it  fall?  Am.  788xV  ^eeL 

6.  One  arm  of  a  lever  is  44  feet  long,  and  the  other  is  6  feet:  what 
power  applied  to  the  longer  arm  will  balance  600  lbs.  at  the  shorter  arm? 

Am.  66  lbs.,  ISyV  <»• 

6.  At  what  distance  from  the  fulcrum  of  a  lever  of  the  second  kind 
that  is  20  feet  long,  must  a  weight  of  112  lbs.  be  placed,  so  that  it  may 
be  sustained  by  t  power  of  60  lbs.  ?  Am.  8  feet,  llf  inches. 

7.  A  wheel  of  10  feet  diameter,  with  a  power  of  6  lbs.,  balances  a 
wdght  of  160  lbs.;  what  IS  the  radius  of  the  axle?        .^iis.  2  inches. 

THE  STEAM  ENGINR 

DIFFERENT  PIECES  OF  MECHANISM  CONNECTED  WITH  THK 
STEAM  ENGINE. 

1.  Tkibb  are  a  variety  of  interesting  pieces  of  mechanism  connected 
with  the  steam  engine,  which  merit  a  minute  description. 

ne  Crank  and  Fly  Wheel 

2.  The  crank  and  connecting  vod  are  used  fer  oouTerting  the  recip- 
rocating motion  of  the  extremity  of  the  great  beam  of  the  steam  engina 
into,  a  continuous  circular  motion.  When  we  turn  a  grindstone^  we 
employ  the  peculiar  motkm  of  the  crank  and  connecting  rod,  where 
the  lumdle  of  the  grindstone  serves  the  purpose  of  the  crank,  and  the 
arm  that  of  the  connecting  rod.  The  crank,  with  its  connecting  rod 
and  fly  whed,  is  represented  in  Fig.  64.  C  is  an  ads,  to  which  the 
fly  wheel  F,  or  any  other  wheel  work,  may  be  attached ;  C  D  is  a  link 
or  arm,  called  the  cranky  fixed  to  the  axis  C,  and  having  a  joint  at  D,  to 
which  the  eotmeeting  rodJ)  Aia  attached.  Now,  if  an  up  and  down 
motion  be  giyen  to  D  A,  the  extremity  D  of  the  cnmk  will  move  in  a 
drde^  and  thus  a  continuous  rotation  wall  be  given  to  the  axis  C 
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When  the  crank  arriTes  at  the  position  C  n,  where  it  is  in  the  same  line 
"with  the  connecting  rod,  it  is  said  to  be  in  one  of  its  dead  points,  for 


Fig.  64. 


then  the  pressuxe  upon  the  connecting  rod  has  no  effect  in  tuzning  the 
crank ;  but  in  general,  the  inertia  of  the  machinery  and  fly  w)ieel  F 
carries  the  crank  beyond  the  dead  points.  It  will  be  seen  that  the 
crank  has  to  pass  over  two  dead  points  in  the  course  of  one  revolutian. 
In  order  to  avoid  this  irregularity  in  the  action  of  the  connecting  rod, 
two  cranks  are  sometimes  placed  on  the  same  axis,  at  right  angles  to 
each  other.  The  connecting  rod  in  a  steam  engine  is  usually  attached 
to  the  extremity  £  of  the  great  beam.        ^ 

The  fly  wheel  is  not  only  a  regulator  of  motion,  but  it  is  also  an  ac- 
cumulator of  motion.  It  simply  consists  of  a  large,  heavy  wheel,  to 
which  motion  is  usually  given  by  a  crank ;  thus,  in  Fig.  64,  F  is  the 
Jly  wheels  revolving  upon  the  axis  C. 

The  fly  wheel  may  be  regarded  as  a  reservoir  of  motion,  in  which  ^e 
redundant  motion  of  the  machinery  is  accumulated  when  the  work  to  be 
performed  is  less  than  the  work  applied  by  the  moving  power,  and  from 
which  the  machinery  derives  motion  when  the  work  to  be  performed  is 
greater  than  the  work  applied ;  so  that,  however  variable  the  work  to  be 
performed  may  be,  the  motion  of  the  machinery  is  always  maintained 
pretty  nearly  uniform. 
5» 
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Tk$  Sun-imd^planet   WkeeL 

3.  This  beautiful  contrivance  was  employed  by  Watt  as  a  substitute 
lor  the  crank.  It  consists  of  two  toothed  wheels,  one  of  which  revolves 
round  the  drcumierence  of  the  other,  somewhat  similar  to  the  manner 
in  which  a  planet  and  its  satellite  revolve  round  the  sun;  hence  the  name 
given  to  this  mechanical  combinatian. 

The  toothed  wheel  B  (Fig.  65)  is  fixed  to  the  extremity  of  the  con- 
necting rod  C  L,  so  as  not  to  be  aiUowed  to  turn  on  its  centre ;  A  is 
another  toothed  wheel,  fixed  to  the  axis  «  of  the  fly  wheel  D ;  a  Hnk 
connects  the  centres  of  the  two  wheds  A  and  B,  and  serves  to  keep  them 
in  gear.  Now,  when  the  great  beam  has  made  an  up  and  down  stroke, 
the  link  e  o,  connecting  the  centres  of  the  two  toothed  wheels,  will  have 
performed  a  complete  revolution  round  the  centre  0,  exactly  as  a  common 
crank  would  do ;  but  as  the  two  wheels  A  and  B  are  fixed  to  their  re- 
spective centres,  every  portion  in  the  circumference  of  B  will  have  been 
brought  in  contact  with  the  wheel  A,  which  thus  receives  a  continuous 


Fiff,  65. 

circular  motion.  Assuming  the  wheels  A  and  B  to  be  equal,  then,  while 
the  connecting  rod  makes  an  up  and  down  stroke,  or,  what  is  the  same 
thing,  while  the  wheel  B  makes  one  revolution  round  the  centre  0,  the 
wheel  A,  with  the  fly  wheel  D,  will  have  performed  two  revolutions ;  for 
in  this  case  every  tooth  in  A  will  have  come  twice  into  contact  with  the 
teeth  on  B, 


Wates  Parallel  Motion. 

4.  This  beautiful  mechanical  contrivance  is  used  to  convert  the  redp- 
rocating  circular  motion  of  the  extremity  of  the  great  beam  of  an  engine 


THS   8TXAH  ENOIVS. 


55 


into  the  redprocatmg  rectilineor  motion  of  the  piston  rod.  It  oonsists  of 
a  frame  of  link  work  somewhat  in  the  form  of  a  parallel  ruler. 

The  leading  feature  of  the  contrivance  is  represented  in  Fig.  66. 

Let  A  B  and  C  D  he  two  equal  rods,  connected  by  the  link  D  B, 
moving  on  their  respective  fixed  ceptres  of  motion  A  and  C.    Let  £  he 


the  middle  point  of  the  connecting  link  D  B.  Now,  let  the  rods  be 
moved  to  another  position,  and  let  C  deb  Ahe  that  new  position  of  the 
rods ;  then  the  middle  point  Bore  of  the  link  will  have  nearly  moved 
in  a  vertical  right  line.  For  while,  by  this  motion,  the  extremity  B  of 
the  link  is  carried  to  the  left,  the  extremity  D  is  carried  to  the  right, 
and  vice  vena ;  so  that  the  middle  point  £  of  the  link  thus  nearly  moves 
in  a  vertical  line. 

Let  A  K  (Fig.  67)  represent  one  half  of  the  great  beam,  turning  on 
the  centre  A ;  K  B  D  R  link  work  in  the  form  of  a  parallelogram,  hav- 
ing B  K  equal  to  A  B  ;  C  D  a  rod,  called  the  reditu  rod,  turning  on  the 
fixed  centre  C.  Now,  the  rods  A  B  D  C  will  move  in  precisely  the  same 
manner  as  in  the  preceding  figure,  and 
therefore  the  point  E,  in  the  middle 
of  the  link  D  B,  will  very  nearly  de- 
scribe a  vertical  line.  But  since  the 
triangles  ARK  and  A  £  B  are  sim- 
ilar, and  as  A  K  is  the  double  of  A  B, 
the  line  A  R  will  be  the  double  of 
A  E ;  that  w,  the  point  R  will  always 
be  at  double  the  distance  from  A  that 


Fig.  67. 
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the  point  E  is ;  and  tbcrefive  the  path  described  by  R  will  be  the  same 
as  the  path  described  by  E ;  therefore,  if  the  point  £  moves  in  a  vertical 
line^  the  point  R  will  a^  move  in  a  vertical  line.  The  piston  rod  is 
attached  to  the  point  R,  and  the  piston  rod  of  the  air  pump  to  the  point 
£ ;  80  that  both  of  these  rods  will  be  moved  in  a  vertical  line. 

The  Eccentric    Wheel 

6.  A  wheel  is  said  to  be  eteenirie  when  it  turns  on  an  axis  which 
does  not  lie  in  the  centre  of  the  whed.  'This  important  piece  of 
mechanisni  is  usually  emplorcd  to  give  motion  to  the  slide  valve  of 
the  steam  engine  where  the  axis  of  the  fly  wheel  is  always  the  centre 
of  motion  of  the  eccentric  wheel.  Here  A  is  the  axis  of  the  eocen- 
trie  wheel,  C  being  the  centre  of  the  circle ;  a  hoop  J  K  embraces  the 
eccentrio  wheel,  so  as  to  allow  the  wheel  to  revolve  freely  within  the 
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hoop ;  a  frame'D  F  E  connects  this  hoop  with  the  extremity  F  of  the 
l)cnt  lever  H  O  F  turning  on  the  fixed  centre  O.  Now,  when  the 
eccentric  whed  turns  in  the  direction  of  the  arrow  of  the  figure^  the 
frame  £  D  F  is  pushed  to  the  right,  and  the  pin  F  describes  an  arc  of  a 
circle  in  the  same  direction,  on  G  as  a  centre ;  when  the  lob  side  of  the 
eccentric  has  passed  the  line  of  the  centres  of  motion  A  and  F,  the  frame 
with  tho  pin  F  is  then  drawn  to  the  left,  and  so  on ;  so  that  the  con- 
tinuous circular  motion  of  the  eccentric  wheel  produces  a  reciprocating 
inrcular  motion  in  the  pin  F.  This  motion  of  F  gives  a  reciprocating 
motion  to  the  rod  H  I,  to  which  is  attached  the  slide  valve  of  the  engine. 

2Ji6   Governor. 

6.  This  is  one  of  the  most  important  regulators  of  machinery.  When 
the  speed  of  the  machinery  is  too  great,  this  contrivance  checks  the  sup- 
ply of  the  moving  force ;  and,  on  the  contrarj-,  when  the  speed  is  too 
h\ow,  it  increases  that  supply.  This  simple  and  beautiful  piece  of  mech- 
Aiiism  (see  Fig.  69)  consists  of  two  heavy  balls  E  E,  attached  to  the 
(iXtremities  of  the  rods  /«  E,  vehich  pass  through  a  slit  in  the  vertical 


THfi  STEAM  SNGIKIS. 


57 


szii  D  D,  and  turn  on  the  centre  e,  opening  and  dosing  like  a  pair  of 
ahean.  Hie  links/  h,  having  joints  at  /  and  h,  connect  the  two  rods/ 0 
E  with  a  ring  A  A  D,  which  dides  freely  upon  the  vertical  axis  D  D,  to 
which  a  rotary  motion  is  given  by  means  of  a  belt  passing  round  the 


/  d.  The  lever  F  Q  H,  turning  on  the  centre  G,  is  connected  with 
^sliding  piece  or  ring  A  A  D  at  the  extremity  F,  and  has  a  link  H  w 
I  to  the  extremity  H.  The  link  H  w  turns  the  axis  of  the  throttle 
valve  Z,  which  opens  and  closes  the  port  of  the  steam  pipe  A  A  a,  pro* 
ceeding  ftom  the  boiler  to  the  cylinder.  Now,  when  the  spindle  D  D 
revolves  with  an  increasing  velocity,  the  balls  £  E  fly  out  from  the  centre 
of  motion,  (by  the  centrifugal  force  thus  generated ;)  the  sliding  piece 
or  ring  hhD,  with  the  extremity  F  of  the  lever,  is  drawn  downwards,. 


68 
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white  the  eztnoutj  H  is  nind,  and  tho  «ztf  of  M#  thttM^vakmZlB 
turned  round,  ao  at  to  cloae  the  opeoing  of  the  steam  pipe^  thcnhy  in- 
ducing the  supply  of  stesnu  The  oontnuy  cfiect  is  pioduoed  whoi  th» 
▼elodty  of  the  spindte  D  P  is  decareesing ;  th»t  is>  the  bells  ftJl  towards 
the  axis  D  D,  and  the  throttle  valve  Z  is  turned,  so  as  to  increase  the 
supply  of  steam.  Hence  it  appears  that  when  the  speed  of  the  engine 
passes  beyond  a  certain  limit,  the  throttle  valve  tends  to  check  the  supply 
of  the  steam,  or  moving  principle ;  while^  on  the  contrary,  when  the 
speed  of  the  engine  is  less  than  this  mean  limit,  the  throttte  valve  is 
opened,  so  as  to  allow  a  greater  quantity  of  steam  to  pass  through  the 
steam  pipe. 

• 

THE   STEAU   BOILEK   AND   ITS   APPEKDAOC8. 

7.  The  steam  boiler  is  made  of  thick  sheet  iron  or  copper  plates, 
riveted  strongly  together  to  resist  the  expansive  pressure  of  the  steam 
as  well  as  the  destructive  action  of  the  great  heat  which  is  applied  to 
them.    Steam  boilers  are  made  of  various  forms.    Tig*  70  represents  a 


Fig.  70. 

longitudinal  as  well  as  a  cross  section  of  what  is  called  the  butterly 
boiler,  which  is  much  used  in  our  manu&cturing  districts ;  A  represents 
the  ash  pit,  F  F  the  furnace,  B  the  boiler,  and  H  H  the  level  of^the 
water  in  the  boiler.  The  concave  form  given  to  the  bottom  of  the  boiler 
obviously  brings  a  larger  extent  of  surface  in  oontact  with  the  flame  than 
would  take  place  if  the  bottom  were  flat. 
The  steam  boiler  has  various  appendages,  which  require  special  notice. 

77ie  Safety  Valve. 

8.  The  safety  valve  is  used  to  secure  the  boiler  from  bunting  by  |^B 
excessive  pressure  of 4he  steam.    Fig.  7 1  represents  M#  kvmr  utfeiy  voMr 
where  A  B  is  the  lever  with  its  load  L, 
pressing  upon  the  head  of  the  valve  V, 
which  closes  the  opining  S  leading  into     { .\^ 
the  boiler.    By  sliding  the  load  L  along 
tfaA  Wvir,  any  ynmm  »ay  U  put  upw  tig.  71 
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the  Talye  that  may  be  foiind  necessary  to  work  the  engine.  The  diTis- 
icms  upon  the  lever  enable  the  en^eer  to  determine  the  elasticity  of  the 
steam  in  the  boiler. 

7%e  Steam  Gauge* 

9.  This  instrument  is  designed  to  indicate  the  degree  of  pressure  q£ 
the  steam  which  is  used  in  working  the  engine.  Fig.  72  reinreBents  a 
mercurial  steam  gauge ;  A  C  D  £  is  a  bent  tube,  open  at  both  extrem- 
ities, passing  from  Uie  yessel  B  containing  the  steam;  G  is  a  grad- 
uated scale  for  indicating  the  height  of  the  mercury  in  the  leg  J)  £. 
When  the  pressure  of  the  steam  is  equal  to  that  of  the  external  air,  the 
mercury  in  the  two  legs  C  D  and  D  £  stands  at  the  same  level,  H  R ; 
but  when  the  pressure  of  the  steam  is  greater  than  the  external  air,  the 
mercury  is  depressed  in  the  leg  C  D  and  elevated  in  the  leg  D  £.  The 
excess  of  pressure  of  the  steam  above  that  of  the  atmosphere  is  found  by 
observing  the  difference  of  the  levels  of  the  mercury  in  the  legs  D  E  and 
D  C,  and  then  allo^qring  half  a  pound  as  the  pressure  of  the  steam  on 
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each  square  inch  for  every  inch  in  the  difference  of  the  levels.  The  bent 
tube  is  frequently  made  of  iron.  In  this  case  a  float  F,  with  a  rod  and 
pointer,  is  inserted  into  the  open  end  of  the  tube.  As  the  float  F  is  raised 
or  depressed  with  the  mercury,  the  pointer  is  made  to  indicate  the  differ- 
ence of  the  levels  of  the  mercury,  in  the  two  legs  of  the  instrument. 
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The   Water  Gauge. 

10.  This  Bimply  oonsusts  of  a  bent  glass  tube  A  D  C  B, 
{Fig.  73,)  where  one  extremity  A  enters  the  boiler  above 
the  proper  level  H  R  of  the  water,  and  the  other  extrem- 
ity B  enters  below  the  proper  level.  As  the  water  must 
ttand  at  the  same  level  in  the  glass  tube  D  C  that  it  does 
m  the  boiler,  the  eye  of  the  engineer  will  at  once  see  what 
depth  of  water  is  in  the  boiler.  Another  kind  of  water 
gauge  is  explained  in  the  general  description  of  the  steam 
engine. 

The   Water  Regvlatar. 

11.  In  the  steam  engine  it  is  especially  necessary  that  the  vratcr  in 
the  boiler  should  be  constantly  kept  at  the  same  level,  so  that  as  the 
water  is  being  evaporated  in  the  boiler  firesh  water  should  at  the  same 
time  be  admitted  to  supply  the  waste  thus  created.  Fig.  74  represents  a 
portion  of  the  boiler  A,  with  A  B  a  pipe 

proceeding  from  the  cistern  B  to  supply  the 

boilc(  with  water  as  it  may  be  required ;  F 

ifi  a  stone  float  suspended  by  the  rod  F  C 

passing  through  the  stuffing  box  S ;  this  rod 

Is  attached  to  the  extremity  C  of  the  lever 

C  F  turning  upon  the  fulcrum  or  centre  D  . 

V  is  a  valve  opening  and  closing  the  top  of 

the  pipe  A  B,  and  attached  to  the  point  £ 

of  the  lever  C  F ;  F  is  a  counterpoise  which 

aids  in  depressing  the  valve  V.    Now,  when 

the  water  in  the  boiler  descends  below  its 

proper  level,  the  float  F  also  descends,  and 

by  depressing  the  extremity  C  of  the  lever 

elevates  the  valve  V,  and  thus  allows  the 

water  to  flow  into  the  boiler  as  required.    On  the  contrary,  as  the  water 

rises  in  the  boiler  the  float  F  also  rises,  and  by  elevating  the  extremity  C 

of  the  lever  depresses  the  valve  V,  and  thus  stops  the  flow  of  water  into 

the  boiler ;  thus  a  certain  mean  quantity  of  water  is  always  maintained 

in  the  boiler. 

The  Self-regtUatlng  Damper. 

12.  The  rate  at  which  steam  is  generated  in  the  boiler  should  be  equal 
to  the  rate  at  which  it  is  consumed  in  the  cylinder ;  or,  what  is  the  same 
thing,  the  steam  in  th^  boiler  should  be  maintained  at  a  constant  pres- 
sure.   In  order  .to  efllBct  this,  some  connection  must  be  formed  between 


Fig.  74. 
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the  pressure  of  the  steain  in  the  boiler  and  the  heat  of  the  furnace,  since 
the  pressure  of  the  one  depends  uxxm  the  heat  of  the  other.  This  has 
been  accomplished  by  the  following  contrivance  :  Fig,  75,  B  A  is  a  tube 
descending  nearly  to  the  bottom  of  the  boiler  A ;  F  is  a  float  suspended 
by  a  diain  P  Q  D  passing  over  the  pulleys 
P  and  Q;  D  is  a  damper  acting  as  a 
counterpoise  to  the  float,  and  opening  or 
closing,  as  the  case  may  be,  the  mduth  of 
the  flue  L,  and  thereby  increasing  or  de- 
creasing the  draught  of  air  t^ugh  the 
fire  K.  Now,  the  level  F  of  the  water  in 
the  tube  A  B  depends  upon  the  pressure 
of  the  steam  in  the  boiler  A ;  but  the  float ' 
F  rises  and  falls' with  the  water  in  the  tube 
A  B,  and  as  the  float  rises  the  damper  D 
descends,  and  vice  versa;  so  that,  when 
the  pressure  of  the  steam  in  the  boiler  ex- 
ceeds its  proper  limit,  the  water  in  the 
tube  A  B,  together  with  the  float  F, 
ascends,  and  then  the  damper  D  descends  and  doaes  the  mouth  of  the 
flue,  thereby  reducing  the  intensity  of  the  heat  of  the  fiimace,  and  check- 
ing the  further  generation  of  steam.  On  the  contrary,  when  the  pres- 
sure of  the  steam  falls  below  its  proper  limit,  the  water  in  the  tube,  with 
the  float,  descends,  the  damper  I>  is  raised,  and  an  increase  of  draught 
is  given  to  the  fiimace,  which  produces  a  more  rapid  generation  of  steam, 
and  coiisequently  with  an  increase  to  its  pressure. 


Fiff.  75. 


DIFFERENT  FOBMS    OF   THE   8TEAU   ENGINE. 


Jliero  Engine. 

1.  The  first  steam  engine  was  invented  by 
"Bjssco  of  Alexandria,  120  B.  C.  It  now  forms 
one  of  our  prettiest  philosophical  toys.  This 
engine  is  represented  in  Fig.  76 :  A  is  a  hol- 
low globe  containing  water,  turning  on  a  ver- 
tical axis  a;  a  b,  &c,  are  four  horizontal 
tubes  having  their  exterior  orifice  bent  in  the 
same  direction  as  in  Barker's  mill.  When 
the  water  boils,  steam  issues  from  these  ori- 
fices, and  cauMB  the  globe  to  rotate  upon  its 


Fig.  76. 
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Saver^i  Engine. 

2.  Thifl  engine  was  used  fat  raising  water  from  deep  mines.  The 
principle  on  which  it  acts  may  be  explained  as  fbUows :  Fig.  77,  C  is  a 
large  cylindrical  vessel,  called  the  receiver^  into  whidi  steam  enten  by 
the  steam  pipe  S,  communicating  with  a  strong  boUa,  called  the  i 
boiler,  where  steam  at  a  high  pressure  is  generat- 
ed ;  the  steam  pipe  S  has  a  cock  a,  called  the  steam 
cockt  which  opens  and  closes  the  commxmication 
of  the  reoeiver  with  the  steam  boiler ;  I  is  the  in' 
Jeetion  pipe,  which  conveys  a  jet  of  cold  wata 
into  the  interior  of  the  receiver  for  the  purpose  of 
condensing  the  steam ;  this  pipe  has  also  a  cock  6, 
called  the  iryeetion  cock;  these  two  cocks  a  and  h 
are  turned  by  the  same  handle  A,  so  that  when  b 
is  open  a  is  closed,  and  vice  versa ;  F  is  a  ppe  de- 
scending into  the  water  which  is  to  be  raised ;  at 
the  top  of  this  pipe  is  the  valve  V,  lifting  up- 
wards ;  £  D  IS  a  pipe  proceeding  from  the  bottom  jVy.  77. 

of  the  receiver  to  the  dstem,  into  which  the  water 

is  to  be  discharged ;  in  this  pipe  is  placed  the  valve  v,  lifting  upwards. 

To  work  the  engine,  the  steam  cock  a  is  opened  and  b  is  shut ;  then 
the  steam,  rushing  along  the  steam  pipe  S,  enters  the  recdver  G,  and 
drives  the  air  out  of  it  through  the  valve  v.  When  the  receiver  is  filled 
with  steam,  the  steam  cock  a  is  closed,  and  at  the  same  time  the  injec- 
tion cock  b  is  opened ;  then  the  jet  of  cold  water  proceeding  from  the 
injection  pipe  instantly  condenses  the  steam  in  ^e  receiver,  and  a  vacuTmi 
is  formed.  The  pressure  of  the  atmosphere  on  the  sur&ce  of  the  water 
in  the  well  or  pit  forces  the  water  up  the  pipe  F,  and  nearly  fills  the 
receiver.  The  engineer  now  lays  hold  of  the  handle  A  and  opens  the 
steam  cock  a,  at  the  same  time  that  he  doses  the  injection  cock  b.  The 
steam  again  enters  the  receiver,  and  by  its  great  elastic  pressure  exerted 
upon  the  surface  of  the  water  forces  the  water  through  the  valve  r,  up 
the  pipe  £  D,  to  the  top  of  the  pit  or  mine.  In  the  same  manner  the 
engine  is  made  to  perform  any  number  of  strokes. 

The  defects  of  this  engine  are  as  folloTcs :  1.  It  is  limited  in  its  appli- 
cation to  the  raising  of  water ;  2.  There  is  a  great  loss  of  power  at  each 
successive  lift,  occasioned  by  the  steam  coming  in  contact  with  the  cold 
water  in  the  receiver. 

Newcomen'$  Engine  with  Ae  Crank  and  Fig  WheA, 

3.  This  engine  was  a  great  improvement  upon  Savery's.  Its  leadbig 
features  are  lepicscnted  in  Fig.  78.  C  is  the  boiler,  oonoLmunlcating  with 
the  cylinder  £  by  means  of  the  steam  pipe  S ;  P  ig  the  piston  rod,  eon- 
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Fig.  78. 

nected  with  a  solid  piston,  which  works  steam  tight  in  this  cylinder ;  the 
lod  P  of  the  piston  is  connected  with  the  chain  which  coils  round  the 
arched  head  a  6  of  the  great  beam  L  L ;  so  that  as  the  piston  descends 
the  extremity  of  the  great  beam  is  drawn  down,  and  at  the  same  time 
the  jHston  rod  does  not  deviate  from  its  vertical  position ;  G  is  a  cistern 
of  cold  water  called  t?M  ifyection  cistern ;  from  this  descends  the  injec- 
tion pipa  G  I  K,  (see  also  Fig.  79,)  which 
enters  the  bottom  of  the  cylinder  i  TL\s  the 
infection  cock;  at  the  opposite  side  of  the 
cylinder  there  is  a  lateral  pipe,  turning  up- 
wards at  the  ex^^iemity,  having  a  valve  N, 
ealled  dke  emfiing  vetiw,  lifting  upwards :  Q 
is  the  eduction  pipe,  for  drawing  off  the  water 
formed  in  the  cylinder ;  the  extremity  D  of 
this  pipe  is  inserted  in  a  vesselof  water,  and  has 
its  orifice  closed  by  a  vahre  lifting  outwards. 
VThsa  the  anglne  is  required  to  be  put  in 
action,  —  let  us  suppose  that  the  piston  P  is 
drawn  to  the  top  of  the  qrlinder,  — the  steam  Fig.79, 
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oodiS  ii  opened,  and  the  mjertipn  cock  K  is  ckwd;  then  the  stesm, 
hsriog  m  |»eMire  «  little  aborethet  of  the  stmoiiihere,  flows  finom  the 
faoikr  into  the  cjhnder*  and  dzxres  out  the  air  through  the  aufUng  valve 
K.  Vihoi  the  cylinder  is  compktdy  lUlod  with  steam,  the  steam  oock 
8  »  dond,  and  the  injecdon  cock  K  is  opened;  thai  a  jet  of  cold  water 
ia  tlinmn  into  the  cylinder,  which  inrtantly  condensm  the  steam;  a 
vmcQvm  being  thna  fctmed,  the  pnvnre  of  the  atmosphere  open  the  top 
of  the  pwtBP  UBiaea  it  to  deaoaid.  When  the  piston  has  anired  at  the 
lioCttBB  of  the  cylindv,  the  steam  oock  S  is  again  opened,  and  the 
iqjectioB  oock  K  doaed;  thai  the  aleam  again  enten  the  cylinder, 
blBwaoiit,aabeAat^anyair  that  may  have  got  in,  and  fbnes  the  water 
I  in  the  cylinder  by  the  oondenaatian  of  the  steam  down  the  educ* 


fff'KtmA  m  the  cylinder  by  the  oondenaatian  or  tne  steam  down  tne  educ- 
tion pipe  Q;  this-watcr  eso^es  by  the  vahre  D  into  the  ditoi^;  the 
tteam  htnfr*^  the  piston  now  >i«»Uwnp«  the  pumuie  of  the  external  air, 
and  a  coantespoise  at  the  opposite  end  of  the  great  beam  raises  the  piston 
in  the  cylinder.  But  in  the  engine  represented  by  Fig.  78  this  is  effected 
by  the  nsomoitum  of  the  fly  wheel  Q  Q.  In  the  same  manner  any 
number  of  strokes  are  performed. 

In  this  engine  the  pressure  of  the  atmosphere  is  the  moving  power,  the 
itcam  being  merely  empkiyed  to  fbnn  the  vacuum  beneath  the  piston. 
With  the  dank  and  fly  whcd  this  oigme  was  employed  as  a  prime 
mover  of  machinery  generally,  and  the  whole  of  its  parts  were  made 
adf-acting  by  Baghton  and  Smenton.  Its  defects  are  as  follows :  1.  The 
^^ant  of  unifermity  in  the  action  of  the  moving  power ;  2.  The  loss  of 
Mxm,  at  every  npwaid  stroke  of  the  piston,  from  the  condensation  of 
Itttun  by  the  cold  cylinder;  ibr  it  wiU  be  observed  .that  tt  every  down- 
wait!  stroke  the  cylinder  had  to  be  cooled  down  by  the  injection  water. 
Th«M  defects  are  completely  ranedicd  in  Watt's  double-acting  aigmes, 
by  Introducing  a  aeparate  vea^l  caDol  the  condoisff^heie  the  steam 
to  condensed,  and  by  using  the  steam  not  merely  to  form  a  vacuum,  but 
iJ»  to  more  the  piston  up  and  down  by  its  elastic  pressure. 

Waifs  Engine. 

A    Uaflmtoiginecanstnicted  by  Watt  vras  what  is  called  the  rt- 

Jlu^c  engine,  which  only  differed  in  V^^^^^J^"^^  '  ^^ 
S;^ha  stt^m  condensed  in  a  ves^a  sepanite  i^ 

*^iU^  -^cl  ftom  this  dnrumstance  the  oigine  has  be«.  caUed  Ae 
!S;,,Hng  condensing  engine.  This  new  principle  required  tot  the 
'^^Jll  ihtmld  be  connected  ti-ith  the  extremity  of  the  great  beam  m 
^  Zixww  that  the  motion  of  the  piston  should  be  communicated  to 
*»A*^'   U^ -of  the  stroke.    This  led  to  the  invention  of 
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the  parallel  motion  described  at  page  55  of  this  work.  Various  other 
meehanical  artifices  were  also  introduced  by  him,  to  render  the  machine 
perfect  in  all  its  parts ;  such  as.  the  contrivances  for  lifting  the  valves  so 
as  to  distribute  the  steam  above  and  below  the  piston. 

HIGH   AND   LOW   PRESSURE   ENGINES. 

Steam  engines  are  of  two  kinds — the  high  presaure  or  non-condensing 
engine^  and  the  iato  pressure  or  condensing  engine.  In  the  kiffh  preaaure 
enffine,  after  the  steam  has  been  admitted  to  the  cylinder  to  press  on  one 
side  of  the  piston,  forcing  it  up  or  down  according  as  it  enters  from  below 
or  above,  it  escapes  by  a  tube  into  the  open  air.  The  resistance  of  the 
atmosphere  to  the  issue  of  the  steam  diminishes  the  working  force  of  the 
piston.  In  the  low  pressure  engine,  the  escape  pipe,  instead  of  opening 
into  the  air,  is  conducted  into  a  vessel  called  the  condenser,  into  which 
cold  water  is  constantly  running  to  condense  the  steam.  /Hence,  as  the 
interior  of  the  low  pressure  engine  is  kept  in  a  state  of  vacuum,  except 
where  the  steam  is  acting,  there  is  no  loss  o{  power  by  atmospheric  re- 
sistance ;  and  consequently  a  lower  pressure  of  steam  is  required  to  pro- 
duce an  efibct  equal  to  that  of  the  high  pressure  engine. 

As  all  the  condensing  apparatus  is  dispensed  with  in  the  high  pressure 
engine,  it  occupi^  less  space,  is  much  less  complicated,  and  is  therefore 
used  on  railroads  for  locomotives. 

VALTES  FOR  REGULATING  THE  DISTRIBUTION  OF  THE 
STEAM   THROUGH   THE    CYLINDER. 

5.  There  are  various  contrivances  now  in  use  for  regulating  the  dis- 
tribution of  the  steam.  In  the  engines  constructed  by  Watt,  the  valves 
were  opened  and  closed  by  means  of  pins,  or  tappets,  fixed  to  an  oscil- 
lating rod,  called  the  plug  tree,  attached  to  the  great  beam  of  the  engine. 
In  engines  of  moderate  power,  much  more  simple  contrivances  have  been 
adopted,  such  as  the  slide  valve,  the  D  valve,  and  the  four- way  cock. 

Slide   Valves,  S^e, 

6.  Locomotive  Engine,  with  the  common  Slide  Valve,  Fig.  81  repre- 
sents the  common  slide,  with  its  relation  to  the  other  parts  of  the  engine, 
as  commonly  used  in  our  locomotives.  Here  P  is  the  piston,  moving  in 
the  cylinder  C,  which  in  a  locomotive  engine  lies  in  a  horizontal  poation ; 
C  D  is  the  piston  rod  passing  through  the  stuffing  box  K  ;  D  E  is  the 
connecting  rod,  being  connected  with  the  piston  rod  by  a  joint  at  D ;  £ 
F  is  the  crank  attached  to  the  axle  F  of  the  driving  wheel  of  the  car- 
riage.   The  effect  o£  this  mechanical  azrangement  is,  that  whilst  the 

6* 
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pistoQ  mores  backwards  md  forwards  in  the  cylinder,  the  eonnecdng 

rod  and  cianktransmU  this  motion,  so  as  to  give  a  rotatory  motioQ  to  the 

axle  of  the  driTing  wheels,  which  mores 

the  carnage  forward  on  the  raiL    We 

have  now  to  oonader  a  distinct  piece  of 

mechanism  for  moving  the  slide  valve  up 

and  down  in  the  gteam  box  A  B,  lo  as  to 

regulate  the  distributiao  of  the  steam  in 

it!  passage  into  the  cylinder.    The  motion 

of  the  slide  valve  must  be  so  adjusted  that 

when  the  piston  is  ascending,  the  steam 

must  be  entering  the  imder  part  of  the 

cylinder,  while  the  steam  above  the  piston 

is  allowed  to  escape  into  the  atmo^ere^ 

as  in  the  case  of  a  high  pressure  engine* 

or  allowed  to  pass  into  the  condenser  in 

a  condensing  engine ;  on  the  contrary* 

when  the  piston  is  descei^Ung,  the  steam 

must  be  entering  the  upper  part  of  the 

cylinder,  while  the  steam  below  the  piston 

is  allowed  to  escape  into  the  atmoq>here^ 


f^.  83.  Fig.  84. 


Fig,  82. 


Fig.  81. 


or  the  condenser,  as  the  case  may  be.  In  Fig.  BlABiathe  iteam  box, 
which  is  kept  constantly  filled  with  steam  by  the  steam  pipe  S,  proceed- 
ing from  the  boiler ;  the  ilide  valve  is  moved  up  and  down  by  the  rod  R 
II  passing  through  a  stuffing  box  R ;  a  is  the  upper  steam  port  or  orifice 
leading  into  the  top  of  the  cylinder,  and  e  is  the  lower  steam  port ;  ex- 
octly  between  these  ports  is  an  opening  c,  which  conducts  the  steam  into 
tho  condenser,  or  the  atmosphere,  as  the  case  may  be ;  G  is  an  eccentric 
wheel*  which  turns  upon  the  axle  F  as  a  centre  of  motion ;  G  A;  is  the 
^pc^cjntric  rod  attached  to  the  extremity  of  the  lever  k  H,  turning  on  the 
f^^oeatieli  the  extremity  H of  this  lever  is  attached  to  thexodof  * 
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the  fiEde  Talve,  bo  that  when  the  piston  P  is  ascending,  the  slide  valre  is 
descending,  and  vice  versa.  The  slide  vcUve  is  a  piece  of  metal  hollowed 
on  one  face,  and  made  to  oonnect  two  of  the  openings,  a  c  0,  on  the  side 
of  the  cylinder,  at  one  time.  Fig.  84  shows  a  separate  longitudinal  sec- 
tion of  the  yalve,  and  Fig.  83  shows  a  view  of  its  hollowed  face.  This 
face  lies  flat  against  the  side  of  the  cylinder,  so  that  the  steam,  in  the 
steam  box,  cannot  pass  beneath  the  face  of  the  yalve. 

In  Fig.  81  the  piston  P  is  supposed  to  be  ascending,  and  the  steam  is 
passing  through  the  lower  port  e  into  the  under  part  of  the  cylinder,  at 
the  same  time  the  steam  is  passing  from  the  upper  part  of  the  cylinder 
through  the  upper  port  a,  and  is  discharged  through  the  centre  port  c 
"When  the  piston  has  performed  an  upward  stroke,  and  begins  to  descend, 
as  in  Fig.  82,  the  Talve  has  made  a  downward  stroke,  and  now  connects 
the  lower  steam  port  e  with  the  centre  port  c,  leaving  the  upper  port  a 
open  for  the  steam  to  enter  the  upper  part  of  the  cylinder ;  and  so  on  to 
any  number  of  strokes. 

In  practice  it  is  customary  to  hare  the  motion  of  the  Yalve  so  adjusted 
that  the  steam  port  may  be  slightly  open  when  the  piston  has  completed 
its  stroke.  Tlie  small  space  thus  open  is  called  the  lead  of  the  valve. 
This  lead  allows  time  for  the  steam  to  enter  the  cylinder,  so  as  to  prepare 
lor  the  succeeding  stroke  of  the  piston. 


The  D  Valve. 

7.  l^gs.  87  and  88  represent  sections  of  this  valve  at  different  po- 
sitions of  the  piston. 

Fig.  85  represents  a  longitudinal  section  of  the  valve  itself.  O 
Is  the  valve  rod  working  through  the  stuffing  box ;  £  is  an  open- 
ing passing  through  the  valve,  of  which  a  transverse  or  cross  sec- 
tion is  shown  in  Fig.  86  ;  8  is  the  hollow  in  the  valve  through 
which  the  steam  passes  to  the  top  or  bottom  of  the  cylinder,  as 
the  case  may  be ;  a  6,  in  Fig.  86,  is  the  packing  at  the  back  of 
the  valve,  which  works  steamtight  against  tlie  valve  box.  This 
is  called  the  D  valve,  from  the  form  of  the  cross  section,  shown 
in  Fig.  86. 

In  t^  po^tkm  of  the  valve  shown  in  Fig.  88,  the  steam 
passing  through  the  hollow  of  the  valve  enters  the  lower  part 
of  the  cylinder  through  the  port  D,  while  at  the  same  time 
the  steam  in  the  upper  part  of  the  cylinder  escnpes  through  "jpZ,  35, 
the  port  P,  and)  descending  through  the  longitudinal  opening 
E  in  the  valve,  enters  the  eduction  pipe  c  leading  to  the  con- 
denser. Fig.  87  represents  an  intermediate  position  of  the 
valve.  The  valve  is  moved  by  an  eccentric,  precisely  in  th^ 
same  manner  as  described  at  page  56. 


C8  NATURAL   AND   EXPBRItfBlTTAL    PHIL080PHT. 


Fig,  87.  Fig.  88. 

The  Four-^oay  Cock, 

8.  Figs.  89  and  90  represent  this  simple  mode  of  distributing  the 
steam.    S>  B,  C,  T  are  four  tubes ;   S  commimicates  with  the  steam 

T  T 


pipe  proceeding  from  the  boiler ;  C  leads  into  the  condenser,  or  to  the 
external  air,  according  as  the  en^ne  is  a  condensing  or  a  higit  pressure 
one ;  B  leads  to  the  bottom  of  the  cylinder,  and  T  to  the  top  of  it. 
These  four  tubes  enter  a  cock  which  has  two  curved  passages  leading 
through  it,  as  showiv  in  the  figures.  These  passages  are  cut  in  such  a 
manner  that  by  turning  the  cock  they  may  be  made  to  open  a  commu- 
nication between  any  two  adjacent  tubes.  In  the  position  of  the  cock 
shown  in  Fig.  90,  the  steam  is  passing  through  the  tube  B  to  the  bottom  • 
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of  the  cylinder ;  at  the  same  time  the  steam  is  passing  from  the  top  of 
the  cylinder,  through  the  tube  T,  into  the  tube  C  leading  to  the  con- 


denser. In  Fig.  89  the  cock  has  performed  a  quarter  of  a  revolution : 
the  steam  is  now  passing  through  the  tube  T  to  the  top  of  the  cylinder ; 
at  the  same  time  the  steam  is  passing  from  the  bottom  of  the  cylinder 
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through  the  tube  B,  into  the  tube  C  leedbig  to  the  condeiuer.  Hft 
eccentric  is  uBually  employed  to  move  the  coek  after  the  mamiGr  d»> 
scribed. 

GENERAL   VIEW   OF  A  DOUBLB-ACTINGh   CONDENSING 
ENGINE,  WITH  THE  FOUR-WAT   COCK. 

9.  The  steam  boiler  and  its  appendages  are  zepRsented  in  Fig.  01. 
Here  F  is  the  furnace ;  B  B  the  water  in  the  boiler ;  W  W  the  space 
occupied  by  the  steam ;  Q  is  the  steam  pipe  which  coBdncts  the  steam  to 
the  cylinder  \cahw  the  safety  yalve,  (see  page  5S  ;)  O  T  the  pipe  of 
the  water  regulator,  S  being  the  float,  ^c,  (see  page  69  ;)  t  a  pipe,  pro- 
ceeding fixim  the  hot  water  well,  which  supplies  the  bcnler  with  water ; 
e  and  cf  are  the  water  gauges ;  the  former,  c,  is  called  tha  water  cock,  be- 
cause it  commTmicates  with  the  water  in  the  boiler,  whoeas  cf  is  called 
the  steam  cock,  because  it  communicates  with  the  steam  in  the  boiler. 
When  the  water  in  the  boiler  stands  at  a  proper  level,  upon  opening  the 
two  cocks,  water  will  issue  from  the  water  cock  c,  and  steam  from  the 
steam  cock  c' ;  but  if  the  boUer  contains  too  Uttle  water,  the  steam  will 
issue  from  both  cocks ;  t  t  i&  another  fcnm  of  the  wvter  gauge,  (see 
page  60.) 

The  engine,  with  its  yarious  parts,  is  reptesented  in  Fig.  92.  Here 
B  F  is  the  great  beam  turning  on  the  centre  A ;  B  K  the  parallel  mo- 
tion, (sec  page  65;)  £  P  the  piston  rod,  attached  to  the  piston  P ;  C  the 
cylinder;  S  the  steam  pipe  transmitting  steam  through  the  four-way 
cock  to  the  top  and  bottom  of  the  cylinder,  as  explained  at  ^age  68 ;  J 
is  the  condenser,  and  O  the  air  pump,  surrounded  by  the  odd  water  in 
the  cold  water  well  L  L ;  W  is  the  hot  waiter  well,  ftom  which  water  is 
pumped  through  the  pipe  »  i  to  the  reservoir  T,  which  supplies  the  boQer 
with  hot  water  as  it  is  required ;  N,  the  rod  wocfcing  this  pump,  is  at- 
tached to  the  great  beam ;  M  is  another  rod,  attached  to  the  greet  beam, 
working  the  pump  8,  which  snppHes  the  oold  water  wril  with  a  constant 
stream  of  cold  water ;  F  B  is  the  conneeting  rod  and  craiik,  giving  a 
rotatory  motion  tothe  fly  wheel  H  H,  (see  page  93 ;)  the  eccentric,  fixed 
to  the  axle  of  the  crank,  as  shown  in  the.  figure,  worics  the  four- way 
cock,  as  explained  at  page  56,  &c. ;  G  is  the  govttnor,  regnlating  the 
supply  of  steam  to  the  cylinder,  as  explained  at  page  57,  ftc. 


HYDROSTATICS  AND  HYDRAULICS. 


1.  Hydbostatics  is  that  part  of  Natural  Philosophj,  which 
treats  of  the  weight  and  pressure  of  liquids  in  a  state  of  rest ; 
and  Hydraulics  treats  of  liquids  in  a  state  of  motion. 

2.  Fhud  bodies  differ  fzom  solids  in  readily  yielding  to  any  pretBure 
Kp^i&ed  to  them,  and  in  their  tendency  to  Jloio  through  any  channeL 
Scdidi  tend  towards  the  earth  in  masses  or  lumps ;  whereas  every  particle 
composing  a  fluid  is  separately  acted  upon  hy  the  ferce  of  gravity.  This 
peculiar  property  of  fluids  depends  upon  the  very  slight  force  of  oohesioQ 

^  aabsisting  between  their  particles,  which  allows  them  to  haye  a  free  motion 
amongst  themselves.  Water  and  air  are  the  most  familiar  examples  ot 
fluid  bodies. 

3.  Substances  differ  very  much  in  their  degree  of  fluidity,  or  tendency 
to  flow ;  thus,  water  and  spirits  are  more  fluid  than  oil  or  tar,  and  airs 
or  gases  have  a  higher  degree  of  fluidity  than  water.  Ltquida,  such  as 
waiter,  may  be  poured  from  one  vessel  to  another ;  but  airs  or  gases  are 
00  dastic,  that  tliey  cannot  be  kept  in  open  vessels.  Thus  the  particles 
of  liquids  are  held  together  by  a  slight  force  of  cohesion ;  whereas  the 
pazticles  of  airs  repel  each  other,  or  have  a  tendency  to  fly  away  from 
each  other.  The  little  globules  of  dew  often  seen  on  the  leaves  of  plants 
show  that  the  particles  of  water  have  a  greater  attraction  for  each  other 
than  they  have  for  the  leaf.  A  dry  needle,  gently  placed  upon  the  sur- 
face of  stUl  water,  will  float,  in  consequence  of  its  weight  not  being  suf- 
ficient to  break  the  cohesion  of  the  fluid  particles  on  the  surface. 

4.  Moreover,  whilst  gases  admit  of  being  reduced  in  bulk  by  a  force 
of  compression,  liquids  can  scarcdy  be  compressed  at  alL 
Thus,  let  us  suppose  that  P  is  a  piston,  or  plug,  exactly 
fitting  the  smooth  .^tce  of  a  cylinder  A  B  C  D,  and  first 
let  the  space  A  B  C  D  beneath  the  piston  be  filled  with 
common  air ;  then  a  force  of  pressure  applied  to  die  handle 
win  cause  the  piston  to  descend,  and  thereby  to  compress 
the  air  beneath  it ;  but  the  instant  this  pressure  is  vnth- 
drawn,  the  air,  by  its  elasticity,  raises  the  piston,  and  re- 
gains its  original  bulk ;  hence,  air  is  called  an  elastic  ^1 
fluid.  Again,  let  the  apace  A  B  C  D  beneath  the  piston 
be  filled  with  water;  then,  however  great  the  pressure 
applied  to  the  handle  may  be^  the  water  beneath  the  piston 
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will  not  be  seDsiblj  altered  in  its  bulk.    Htoce^  water  and  other  liqiddi 
are  called  non-elastic  *  fluids. 


5.  Three  laws  obtain  in  reference  to  fluid  bodies :. — 
First  The  surface  of  still  water  is  always  horizontal  or 

level.  Second.  Fluids  transmit  pressure  equally  in  all  direc- 
tions, l^hird.  The  pressure  of  water  is  in  proportion  to  its 
depth. 

6.  The  surface  of  still  water  is  always  level. 

Whatever  may  be  the  shape  of  a  mass  of  water,  its  surfiice*  at  all 
parts,  will  stand  at  the  same  level  or  height.  Thus,  in  Fig.  2»  A  repie- 
sents  a  vessel  containing  water,  a  c  a  bent  pipe 
proceeding  from  the  lower  part  of  this  vessel ; 
now,  the  water  in  A  and  the  water  in  a,  having 
a  communication  vnth  each  other,  stand  at  the 
same  level,  A  £.  In  the  common  teapot,  the 
liquid  in  the  pot  will  always  be  at  the  same 
level  with  that  which  is  in  the  spout.  Work- 
men express  this  property  by  saying  that  «  water  always  finds  its  level/' 
On  this  principle,  pipes  are  used  to  convey  water  from  one  place  to 
another,  however  uneven  the  surface  of  the  ground  between  the  places 


Fig,  2. 


Fig,  8. 

may  be.  Towns  and  cities  are  thus  supplied  with  water  fixsm  distant 
springs.  In  Fig.  3,  S  represents  a  spring  or  foimtain,  A  B  C  a  pipe 
conveying  water  &om  it  to  a  house ;  now,  although  this  pipe  may  rise 


*  This  is  not  strictly  true,  because,  under  a  pressure  of  15  lbs.  per  square 
inch,  Water  is  reduced  about  the  22,000tl^  part  of  its  bulk ;  however,  for  all 
ordinary  pressures,  water  may  be  practicany  regarded  as  non-elastic 
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ovor  IuBb,  or  pass  thnmgh  valleys,  yet  ao  long  aa  ii  doea  not  ria9  ahov  tK$ 
level  of  the  ftnmtain  head,  the  water  will  continue  to  flow«  Ob  this 
pnnci^e  the  city  of  Philadelphia  is  supplied  with  water  from  Fairmoont 
resevToir,  New  York  from  the  Croton  River,  and  Boston  from  the  Co- 
chituate  Lake.  On  this  principle,  also,  little  streams  descend  from  the 
hills  to  the  plains,  and  mighty  rivers  flow  on  towards  the  ocean. 


Levelling. 

7.  The  heights  of  mountains,  as  given  in  geography,  are  always 
estimated  from  the  level  of  the  ocean.  If  the  earth  were  an  exact 
sphere,  which  it  is  very  nearly,  the  surface  of  the  ocean  would  be  every 
where  at  the  same  distance  from  the  earth's  centre.  The  surface  of  a 
large  extent  of  water  is  consequently  convex ;  but  for  any  small  extent 
of  water,  the  surface  is  practically  flat.  A  spirit  level  is  the  instrument 
which  is  usually  employed  for  finding  the  difierence  of  levels  between 
two  places.    It  consists  of  a  glass  tube  E  F,  filled      »  b  f 

with  spirits  of  wine,  excepting  a  small  part  B,     ^^^^^^^^^ 
called  the  mr  bubble.    This  bubble  always  rises  to  jy^.  4. 

the  higher  end  of  the  tube ;  but  when  the  tube  is 
perfectly  level,  the  bubble  stands  at  the  middle,  B.    In  using  this  instru* 


Fiff.  6. 

xnent  for  ordinary  purposes,  such  as  finding  the  levels  for  buildingt,  or 
drains,  it  is  fixed  in  a  frame  with  sights  placed  over  the  direction  of  the 
tube ;  but  when  levels  are  to  be  taken  for  great  distances,  such  as  occur 
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IB  tb*  ecnfltniottoa  of  railways,  the  instrument  is  fixed  upon  tha  top  oC  a  . 
■P7  glass,  or  telescope,  mounted  on  a  tripod  stand,  as  in  the  accompany- 
ing  figure,  vhece  £  F  is  the  spirit  level ;  A  B  the  spy  glass  fixed  in  tho 
horizontal  plate  C  D ;  screws  are  placed  below  this  plate  for  a(^usting 
the  spilt  leyel ;  L  L  L  arc  portions  of  the  legs  on  which  the  instrument 
stands ;  the  spy  glass,  with  the  spirit  level,  turns  round  on  a  vertical 
axis,  so  that  the  person  using  tho  instrument  can  direct  the  spy  glass 
towards  any  object.  It  will  be  observed  that  the  line  of  vision  through 
the  spy  glass  is  a  level  line,  for  it  is  exactly  parallel  to  the  level  line 
formed  by  the  spirit  level.  In  order  to  show  the  .manner  of  using  this 
instrument,  let  it  be  required  to  ascertain  whether  there  ia  a  proper  de- 
scent for  water  from  a  well  at 

F  to  a  viUage  at  B  :  place  the  o  c 

spirit  level  D  on  the  eminence 
E,  from  which  levelling  staves 
F  and  G  B  can  be  seen ;  ad- 
just the  level,  and  direct  the 
spy  glass  to  the  staff  F ;  turn 
the  spy  glass  upon  its  vertical 
axis,  and  direct  it  to  the  staff 
G  B  ;  theu  the  difference  be- 
tween the  heights  of  the  staves  G  B  and  F  will  give  the  descent  of  the 
water  from  the  wtll  to  the  place  B. 

8.  The  line  which  is  determined  by  the  spirit  level  is  a  tangent  to  the 
earth's  surface ;  in  taking  levels,  therefore,  in  this  manner  for  any  great 
distancei  aa  allowance  must  be  made  for  the  convexity  of  the  earth ; 
this  allowance  is  about  8  inches  for  a  fnilc.  In 
Fig.  7,  D  A  C  represents  a  portion  of  the  earth's 
surface,  or  the  form  which  the  water  of  the  ocean 
assumes ;  AB  U  the  appareni  level  taken  from 
A,  or  the  line  determined  by  the  spirit  level ; 
A  C  is  ^Atf  trtie  levels  or  the  surface  which  water  extending  from  A  to  C 
would  assume;  B  C  is  the  correction,  or  the  difference  between  the  ap- 
parent level  and  the  true  level,  which  is  about  8  inches,  when  the  dis- 
tance A  C  is  one  mile. 

9.  Fluids  transmit  pressure  equally  in  all  directions. 

In  order  to  exemplify  this  principle,  let  us  suppose  a  bladder  to  be 
filled  with  water,  and  after  the  mouth  is  closed,  let  it  be  squeezed  or 
presBed  with  a  Ibrce  nearly  sufficient  to  burst  it ;  now,  every  particle  of 
the  water  will  undergo  the  same  amount  of  pressure,  and  every  part  of 
tiie  bladder  will  be  prassed  upon  by  the  water  with  tho  same  force. 
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Fig,  8. 


10.  In  the  Byringe»  Fig.  8,  the  piston  or  plug  P  is  forced 
down  upon  the  water  beneath  it,  and  the  pressure  thus  pro- 
duced is  trananitted  equally  through  the  wh^le  body  of  the 
fluid ;  hence  it  is  that  the  water  is  driven  out  at  the  orifice 
O  with  a  fince  cocretponding  to  the  pressure  applied  to  the 
piston. 

11.  The  principle  of  the  hydrostatic  press  depends  upon  'J 
this  property  of  fiuids :  In  Fig.  9,  A  and  a  are  two  cylinders 
containing  water,  connected  by  a  pipe ;  P  is  a  piston  fitting 
the  large  cylinder,  and  /i  another  piston  fitting  the  small  one. 
Now,  any  pressure  applied  to  the  small  piston  will  bo  trans- 
mitted by  the  water  to  the  large  piston,  so^  that  every  portion 
of  aur&ce  in  the  large  pistim  P  will  be  pressed  upwards  with 
ftut  same  force  that  an  equal  portion  of  surface  in  the  small 
piston  p  is  pressed  downwards.    For  example,  let  p  contain 
(me  inch  of  surface,  and  let  the  downward  pressiure  applied  to  it  be  20 
lbs.;  then  every  inch  of  surface  in  P  will  be 
pressed  upwards  with  the  force  of  20  lbs.,  and 
therefore  as  many  times  as  the  sur&ce  of  the 
large  piston  is  greater  than  t!hat  of  the  small  one, 
just  so  many  times  will  the  upward  pressure 
upon  the  large  piston  be  greater  than  Xhe  down- 
ward pressure  upon  the  small  one;  thus  if  P 
contain  a  surface  of  30  inches,  then  the  pressure 
upon  it  will  be  equal  to  30  times  20  lbs.  or  600  lbs. 

12.  The  pressure  of  water  is  in  proportion  to  its  depth. 

As  all  the  particles  of  a  fluid  press  on  those  immediately  below  them, 
the  particles  at  any  given^  depth  will  have  to  sustain  the  weight  or 
pressure  of  those  which  lie  above  them.    Thus,  Fig.  10,  the  particles  at 
the  bottom  I  J  of  a  vessel  filled  with  water  will  sus- 
tain double  the  pressure  of  those  Ipng  in  the  middle  ^T    .^.-^  * 
£  F ;  and  the  particles  at  this  depth  will  sustain  double  c  , 
the  pressure  of  those  lying  in  C  D  at  one  foiu-th  the 
whole  depth  ;  and  so  on  ;  hence  the  pressure  of  water  i 
at  any  depth  is  in  proportion  to  that  depth.    But  as 
wat«  transmits  pressure  equally  in  aU  directions,  this  ®  J^§^^  ^^ 
pressure  will  act  sideways  as  weU  as  downwards.   j^^'^S'^^TS 
Hence  the  pressure  at  the  points  A,  C,  £,  G,  and  K  ^ 

will  be  as  the  numbers  0,  1,  2,  3,  and  4  —  that  is,  as 
the  depths.    Let  holes  be  bored  of  the  same  size  at  ^*  ^^' 

the  points  D,  F,  H,  J,  and  K ;  then  the  water  wiQ'  flow  out  at  these 


Fig.  9. 
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holes  with  forces  pfropartioned  to  the  pressure  of  the  water  at  these 
points  —  that  is,  with  forces  in  proportion  to  the  depth  of  the  holes  be- 
low the  surface  A  B  of  t^e  wato* :  thus  the  water  will  flow  fimn  K  and 
J  with  the  same  force;  from  F  it  will  flow  with  half  the  force  that  it 
does  from  K  or  J ;  fixmi  D  it  will  flow  with  one  fourth  the  force  that  St 
does  from  J ;  and  so  on. 

Pressure  on  the  Bottom  of  Vessels. 

13.  In  upright  vessels,  the  pressure  on  the  bottom  is  ob- 
Tiously  equal  to  the  weight  of  the  water:  thus,  in  Fig.  11, 
the  pressure  on  the  bottom  D  C  is  equal  to  the  weight  <^  the 
water  F  G  C  D  contained  in  the  yessel ;  hence  the  preuwn 
upon  the  bottom  of  a  vessel  ie  found,  by  multiplying  together 
the  area  of  the  base,  the  perpendicular  depth  of  the  water,  and 
the  weight  of  a  cubic  foot  of  water. 

An  example  will  render  the  truth  of  this  rule  more  apparent. 

Example,  Let  the  area  of  the  base  D  C  contain  two  square  feet,  and 
let  the  depth  of  the  water  G  C  be  three  feet ;  required  the  pressure  on 
the  botUnn  of  the  vefiscl,  the  weight  of  a  cubic  foot  of  water  being 
1000  oz. 

Content  of  water  ss  area  base  X  perpendicular  height. 
=s  2  X  3  e=  6  cubic  feet. 

Wdght  of  water,  or  pressure  on  bose,  =  6  X  1000  sss  6000  oz. 

14.  The  pressure  on  the  bottom  of  a  vessel,  whatever  maj 
be  its  form,  depends  solely  upon  the  area  of  the  base  and  the 
perpendicular  depth  of  the  water.  This  arises  from  the  law 
of  equal  distribution  of  pressure  explained  in  Art.  9. 

Figs.  12,  18,  and  14,  represent 
three  difiierent  vesselB  having  equal 
bases  and  the  same  perpendicular 
depth  of  water  in  them ;  all  their 
bases  will  sustain  the  same  amount  of 
pressure.  Hence  the  pressure  on  the 
bottom  of  a  vessel  containing  water  is  equal  to  the  weight  of  a  column 
of  water  whose  base  is  equal  to  the  bottom  of  the  vessel,  and  its  height 
equal  to  the  depth  of  the  bottom  from  the  surface  of  the  water :  thus  in 
the  three  forms  of  vessels  represented  in  the  foregoing  cut  the  pressure 
on  the  bottom  is,  in  all  the  cases,  equal  to  the  weight  of  the  column  of 
water  AB  CD. 
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Upward  Pressure  of  Water. 

15.  The  upward  prcBsure  of  waiter  is  yery  clearly  prored  by  the  £d1- 
lowing  simple  experiments :  — 

Experiments. 

Exp.  1.  Tie  a  piece  of  bladder  B  (Fig.  15)  to  one  end  of  an 
open  tube  A  B ;  pour  water  into  it ;  then,  owing  to  the  pres- 
sure of  this  water,  the  bladder  becomes  convex ;  dip  the  tube 
into  a  vessel  of  water;  as  the  tube  is  depressed  the  bladder  be- 
comes less  and  less  convex,  and  it  becomes  perfectly  flat  when 
the  water  in  the  tube  is  on  a  level  with  the  water  in  the  ves- 
sel* lor  then  the  upward  pressure  of  the  latter  is  equal  to  the 
downward  pressure  of  the  former ;  when  the  tube  is  plunged 
deeper  thim  this,  the  bladder  becomes  concave. 

Ezp.  2.  In  Fig.  16,  A  B  is  a  thick  tube  having  its  ", 

under  end  ground  straight ;  n  is  a  flat  piece  of  lead  N 

having  a  string  n  H  attached  to  it,  so  that  the  plate  of 
lead  may  bo  drawn  dose  to  the  end  of  the  tube ;  plunge 
the  tube  into  a  vessel  of  water;  quit  the  string:  the 
plate  remains  supported  by  the  upward  pressure  of  the 
water;  raise  the  tube  imdl  the  load  falls  off;  at  this 
point  the  depth  of  the  lead  below  the  surface  of  the 
fluid  will  be  about  eleven  times  iis  thickness,  for  lead 
is  about  eleven  times  the  weight  of  an  equal  bulk  of 
water. 

£xp,  3.  Dip  the  end  B  of  a  small  tube  (Fig.  17)  into 
quicksilver ;  stop  the  upper  end  A  with  the  finger  and 
lift  up  the  tube  from  the  quicksilver :  a  small  column  of 
quicksilver  remains  in  the,  lower  end  of  the  tube.  Plunge 
the  end  of  the  tube  into  a  vessel  of  water  to  a  depth  rather 
more  than  13^  times  the  length  of  the  little  column  of 
quicksilver,  then  take  away  the  finger :  the  quicksilver  re- 
mains supported  by  the  upward  pressure  of  the  water.  It 
wiU  be  observed  that  quicksilver  is  about  13^  times  the 
weight  of  an  equal  bulk  of  water. 

16.  The  upward  pressure  of  a  long  column  of  water  is 
strikingly  exhibited  in  the  hydrostatic  bellotcs.  Two  boards, 
A  and  B,  Fig.  18,  are  connected  together  by  means  of 
leather,  as  in  the  common  bellows ;  a  small  pipe  ab  c  com- 
municates with  the  inside  of  the  bellows ;  a  heavy  weight  W  is  placed 
upon  the  upper  board  to  show  the  cflect  of  the  pressm-e.  Water  is 
poured  in  at  the  mouth  c,  so  as  to  fill  the  bellows  as  well  as  the  tube, 

7* 


Fig.  16. 
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Now,  -when  water  is  poured  into  the  tube,  the  upper 
board  A,  with  its  weight  "^V,  is  lifted  up  by  the  pres- 
sure of  the  water  beneath  it.  The  bore  of  the  pipe 
may  be  as  small  as  you  please,  for  the  power  of  the 
instrument  merely  depends  upon  the  height  of  the 
column  of  water  6  c  in  the  small  tube  and  the  area  of 
the  board  A  B ;  that  \b  to  say,  the  weight  W  which  is 
raised  is  equal  to  the  weight  of  a  column  of  water 
A  6  0  standing  on  the  upper  board  as  a  base  and  hav- 
ing 6  0  as  its  perpendicular  height.  If  the  area  of  the 
board  A  6  is  one  square  foot,  and  the  height  of  the 
column  of  water  6  c  in  the  small  tube  is  three  feet, 
then  the  upward  pressure  upon  the  board  will  be  equal 
to  the  weight  of  three  cubic  feet  of  water,  or  equal 
to  3000  oz.  Now,  by  making  the  bore  of  the  pipe 
very  small  we  may  suppose  this  effect  to  be  produced  by  one  ounce  of 
water  poured  into  the  pipe  ;  this  ounce  of  water,  therefore,  is  sufficient 
to  counterbalance  three  thousand  ounces  place<>  upon  the  beUows  board. 
The  astonishing  effect  of  a  small  colimm  of  water  acting  in  this  manner 
has  been  called  the  hydrottcUic  paradox, 
'  17.  In  this  manner  a  strong  cask  (Fig.  19)  filled  with  liquid 
may  be  burst  by  a  few  ounces  of  water  poured  into  a  long  tube 
A  communicating  with  the  inside  of  the  cask. 

If  a  strong,  square  glass  bottle,  empty  and  firmly  corked, 
be  sunk  in  water,  its  sides  will  be  crushed  inwards  by  the  pres- 
sure before  it  reaches  a  depth  of  ten  £&thoms. 

If  a  corked  empty  bottle  be  let  down  into  the  sea,  the  cork  is 
usually  forced  inwards  at  a  certain  depth. 

When  a  ship  founders  at  sea,  the  great  pressure  at  the  bottom  Fh^ld, 
forces  water  into  the  pores  of  the  wood,  and  makes  it  so  heavy 
that  no  part  can  ever  rise  again. 

18.  This  law  of  pressure  is  also  sometimes  seen  acting  on  a  great  scale 
in  nature  in  the  rending  of  rocks  and  mountains.  Let  A  B  (Fig  20) 
represent  a  long  vertical  fissure  or  crevice, 
oommimicating  with  an  internal  cavity  C 
formed  in  the  mountain,  but  without  any 
outlet ;  now,  when  the  fissure  and  cavity  be- 
come filled  with  water,  an  enormous  upheav- 
ing force  is  produced,  sufficient,  it  may  be,  ,' 
to  cause  a  disruption  of  the  mass  D. 

Acting  in  this  way,  water  seems  to  be  one     i 
of  those  great  agents  in  nature  which  arc  con- 
stantly producing  changes  on  the  surface  of 
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the  globe.    The  freezing  of  wat€T>  under  the  same  drcunutanceB,  also 
tends  to  produce  similar  effects. 
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Pressure  on  the  Sides  of  Vessels. 

19.  It  has  been  shown  in  Art.  12  that  the  pressure  of  water  on  a  point 
in  the  side  of  a  yesael  increases  with  the  depth  *of  ^t  point  faaibw  the 
surface.    Let  A  I  (Fig.  21)  be  the  section  of  the 

side  of  a  rectangular  vessel  filled  with  water,  and 
let  the  whole  depth  AI  be  8  feet ;  then  at  the  mid- 
dle point  E  the  depth  A  £  will  be  4  feet.  Now, 
the  pressure  at  I  is  produced  by  a  column  of  water 
whose  height  is  8  feet,  whereas  the  pressure  at  the 
middle  point  is  produced  by  a  column  whose  depth 
is  4  feet,  which  is  just  the  mean  or  average  between 
the  top-and  bottom  pressures,  and  in  fact  the  aver- 
age of  aU  the  pressures  acting  upon  the  side ;  hence  the  whole  pressure 
upon  the  side  will  be  pAduoed  by  a  ooliumi  of  water  whose  base  is  the 
area  of  that  side  with  on  average  depth  equal  to  half  the  whole  height 
or  depth  of  that  side.  We  therefore  have  the  following  rule  for  finding 
the  presBOie  on  the  side  of  a  vessel :  — 

Multiply  the  area  of  the  side,  in  feet,  by  one  half  its  depth, 
and  this  prodact  again  by  the  weight  of  a  cubic  foot  of  water. 

Conceive  a  surface  equal  to  the  side  of  the  vessel  to  be  laid  in  the  bot- 
tom, then  the  pressure  on  this  surface  will  be  double  the  actual  pressure 
on  the  side ;  for  in  this  case  the  column  of  pressure  is  the  whole  depth, 
whereas  the  column  of  pressiire  on  the  side  is  only  equivalent  to  half  the 
whole  depth. 

It  is  important  to  observe  that  the  pressure  on  the  side  of  a  vessel  has 
nothing  to  do  with  the  length  of  the  vessel  in  the  direction  A  B,  for  the 
pressure  is  simply  equal  to  the  product  of  the  area  of  the  side,  the  depth 
of  its  middle  point,  and  the  weight  of  a  cubic  foot  of  water :  thus,  — 

Pressure  on  the  side  of  a  vessel  =  area  side  X  half  depth  X  wt.  c.  ft. 
water. 

20.  In  consequence  of  the  increase  of  pres- 
sure with  the  depth,  embankments  and  dams 
are  made  broader  at  the  bottom  than  at  the 
top,  (Fig.  22.)  And,  on  the  same  principle, 
in  order  to  have  a  cask  equally  strong,  there 
should  be  more  hoops  placed  towiffds  the  bot- 
tom than  towards  the  top. 


K 


10  KATURAL  AMD  EXPEBUffENTAI.   PHILOSOPHT. 

Centre  of  Pressure, 

21.  The  centre  of  pressure  Is  that  particular  point  in  the 
side  of  a  vessel  where  tlie  whole  pressure  upon  it  may  be 
coooelred  to  be  applied  without  altering  the.  effect. 

TIhm  (Fig.  23)  let  the  suiface  A  Q  D  G  be  subject  to  the  pres9ure  of 
water;  then  there  must  be  a  point  C  in  that  suri'aco  where  a  single  op- 
poaing  presaure  may  be  appUed  which  shall  exactly       ^,„^^^.^ -^ 
balance  the  whole  preasure  of  the  water ;  this  point  C    a^  -^    '^^^ 
^  caDed  the  ttiUre  of  jtrtsmre.    This  pomt  must  obvi-  -a.f-*--.tr-^^=^^ 

oittly  lie  in  the  TOtical  line  £  F,  dividing  the  surface 
equally ;  moreoTer  it  must  be  nearer  to  the  bottom 
^Kan  it  k  to  the  top ;  in  fiict  its  distance  from  the  bot- 
tom is  Ibond  to  be  one  third  the  whole  depth ;  that  is 
to  say,  F  C  is  equal  to  one  third  E  F.    An  example  j^^.  23. 

will  lender  the  subject  more  plain  :  — 

£r.  Let  the  breadth  A  Q  =  4  feet,  the  depii  A  G  or  E  F  =  9  feet : 
icqnocd  the  position  of  the  centre  of  pressure,  and  also  the  whole  pres- 
sure of  the  water. 

Ha«  the  distance  of  the  centre  of  pressure  from  the  bottom  of  the 
tessel  is  equal  to  |  of  9  feet,  or  3  feet. 
To  find  the  pressure,  we  have 
Area  surface  A  Q  D  G  «  4  X  0  =  36  sq.  feet; 
l^rcasure  on  A  Q  D  G  «  area  X  h  depth  X  wt.  ^  ft.  water. 
=  36  X  4  of  9  X  1000. 
=  162,000  oz.,  or  10,125  lbs. 
Hew  ft  pressure  of  10,125  lbs.  applied  at  C  would  counterbalance  the 
pf^esure  of  the  water  upon  the  whole  surface. 

It  may  be  worthy  of  observation,  that  a  single  hoop,  placed  upon  o 
bane!  at  one  third  the  whole  height  from  the  bottom,  would  counterbal- 
ance the  preoBuro  of  the  liquid  upon  the  staves. 

Specific  Gravitt. 

23.  Bodies  differ  very  much  in  their  density,  or  in  the  quantity  of 
matter  which  they  contain  in  a  given  bulk ;  thus  the  weight  of  a  lump 
^f  icaa  is  more  than  forty  times  the  weight  of  an  equal  bulk  of  cork, 
anU  the  \vfi}(ht  of  a  piece  of  platinum  is  nearly  double  the  weight  of  an 
equal  bulk  of  loail.  The  specific  gmviUj  of  a  body  is  its  weight  as  com- 
ivin'<l  with  the  weight  of  an  equal  bulk  of  some  other  body,  taken  as  a 
(ktamliUtl*  l'"'  *^^^  "^^^  °^  convenience,  pure  water,  at  the  temperature 
of  60^1  i*  ^^^  ^  ^^®  standard  by  which  the  specific  gravities  of  afl 
gtlkir  lutettnoM  are  compared.    Taking  the  specific  gravity  of  water  as 
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iiiiity»  the  ipedfic  ^yity  of  any  other  subttanoc  is  expressed  by  the 
]iiiiiii)er  of  times  that  it  is  heavier  than  an  equal  bulk  of  water :  thus 
inm  is  8  times  the  weight  of  an  equal  |}ulk  of  water ;  therefore  the  spe- 
cific gravity  of  iron  is  8 ;  and  so  on  to  other  cases.  Now,  the  weight  of 
a  cubic  foot  of  water  is  exactly  1000  ounces ;  hence  we  find  the  weight  of 
a  cubic  foot  of  any  substance  by  simply  taking  its  specific  gravity  as  so 
jhanj  thousands  of  ounces;  thus  the  weight  of  a  cubif  foot  of  iron  is 
8000  ounces. 

23.  A  body  sinks  or  floats,  according  as  its  specific  gravity  is  greater 
or  less  than  the  fluid  in  which  it  is  immersed ;  and  when  the  specific 
gravity  of  the  body  is  equal  to  that  of  the  water,  the  body,  upon  being 
immersed,  neither  rises  nor  fiills,  but  remains  as  it  were  suspended  in  the 
fluid  at  all  depths. 

24.  The  most  important  laws,  regulating  the  pressure  of  fluids  on 
solids  immersed  in  them,  are  as  follows :  — 

1.  When  a  solid  body  floats  on  a  fluid,  the  weight  of  the 
fluid  displaced  is  equal  to  the  weight  of  the  body. 

2.  When  a  heavy  body  is  weighed  in  water,  the  weight 
which  the  body  loses  is  due  to  the  upward  pressure  or  buoy- 
ancy of  the  water,  and  is  equal  to  the  weight  of  the  water 
displaced. 

25.  The  following  experiments  are  intended  to  illustrate  these  impor- 
tant laws,  as  well  as  other  properties  of  fluids  depending  upon  their  spe- 
cific gravity. 

ExFEBIMBNTn. 

Exp.  1.  Fluids  may  be  placed  upon  each  other  in 
the  order  of  their  specific  gravities;  thus  mercury, 
water,  oil,  and  spirits  may  be  placed  upon  each  other 
in  a  test  tube,  as  in  the  annexed  cut.  (Fig.  -24.) 

Exp,  2.  Fluids  may  be  made  to  balance  each  other 
by  thdr  opposing  pressures,  and  in  such  cases  the 
columns  of  the  fiuids  are  reversely  as  their  specific 
gravities.  Take  a  bent  tube,  (Fig.  25,)  introduce  a  little 
mercury  into  one  leg,  and  some  water  into  the  other : 
the  column  of  water  will  be  about  13i  times  the  height 
of  the  menmry,  in  order  that  they  should  balance  each 
other.  From  this  it  follows  thi^  merciiry  is  about  13^ 
times  the  weight  of  water. 

Exp,  3.  Try  water  and  muriatic  ether,  as  in  the  last 
experiment :  the  column  of  ether  will  be  about  Ij 
times  the  column  of  water. 
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Fig^  26. 


JSa^i.  4.  A  light  fluid  will  rise  witfain  a  beary  one.  Take  a  BmaU 
bottle  filled  with  red  wine,  (or  any  colored  Uquor  specifically  lighter 
than  water ;)  invert  it  with  its  mouth  at  the  bottom  of  the  yeBsel  of 
water :  the  wine  rises  through  the  water. 

Exp,  5.  A  heavy  fluid  will  sink  in  a  lighter  one.  Take  a  small 
bottle  filled  with  diluted  sulphuric  add,  colored,  red  by  the  tincture  of 
litmus;  invert  the  mouth  of  the  bottle  at  the  top  of  some  hot  water: 
the  heavy  colorea  liquid  descends  through  the  water. 

Bxp,  6.  Fill  a  vessel  A  (Fig.  26,)  having  an  opening  a»  with  water,  until 
it  begins  to  run  out  at  a ;  place  any  floating  body  W 
on  thesur&ceof  thewater;  the  body  sinks  to  a  cer- 
tain depth,  and  thereby  displaces  a  portion  of  water 
equal  to  the  bulk  of  that  part  of  the  body  which 
is  immexsed ;  recdte  this  water  in  the  vessel  B ; 
weigh  the  water  thus  received,  and  it  will  be  found 
to  be  equal  to  the  weight  of  the  floating  body. 

Exp.  7.  Again:  fill  the  vessel  A  with  water 
until  it  begins  to  run  out  at  a ;  immerse  any  body 
W  completely  in  the  water,  then  a  quantity  of 
water  will  run  out,  into  the  vessel  B,  equal  in  bulk  to  the  body 
immersed  ;  weigh  this  water,  and  it  will  give  the  weight  of  water  equal 
in  bulk  to  the  body.  The  actual  weight  of  the  body  divided,  by  the 
weight  of  this  water  which  it  displaces  will  give  the  specific  gravity  of 
the  body :  thus  if  'the  weight  of  the  body  is  6  ounces,  and  the  weight  of 
the  water  which  it  displaces  3  ounces,  then  the  weight  of  the  body  will 
he  2  times  the  weight  of  an  equal  bulk  of  water ;  that  is,  the  specific 
gravity  of  iliQ  body  will  be  2,  that  of  water  being  1.  This  is  a  simple, 
though  somewhat  rude,  method  of  finding  the  specific  gravity  of  a  body. 

Exp.  8.  Two  equal  weights  A  and  B  (Fig.  27) 
are  duly  balanced  over  a  pulley ;  place  one  of  them 
A  at  the  bottom  of  an  empty  vessel;  pour  water 
into  the  vessel ;  the  equilibrium  is  destroyed  by  the  ^  j 
buoyancy  or  upward  pressure  of  the  water  upon  the 
weight  A,  and  it  consequently  ascends  to  the  sur- 
face of  the  fiuid.  Hence  it  requires  less  force  to 
raise  a  body  in  water  than  it  does  to  raise  the  same 
body  in  air. 

Exp.  9.  Take  a  small  long-necked  bottle,  and  put 
some  shot  into  it,  eo  as  to  make  it  float  to  a  con- 
venient depth  in  water ;  make  a  mark  on  the  neck  of  the 
bottle  at  the  level  of  the  water ;  now  float  the  bottle  in  some 
other  liquid,  such  as  oil  or  beer,  whose  specific  gravity  is  less 
tlu«  that  ofwater,  the  bottle  «nk.  to  a  greater  depth.     ^^ 
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Here  the  bulk  of  the  dispUeed  liquid  is  greater  according  as  its  specific 
gravity  is  less. 

Exp,  10.  To  show  that  the  weight  tchick  a  body  loses  in  water 
ia  equed  to  the  weight  of  the  fiuid  displaced :  place  a  hollow  cylin- 
der a  on  one  scale  of  a  balance,  and 
su^Mnd  to  this  scale  a  solid  metal  cyl- 
inder b,  which  exactly  fits  the  hollow 
fanned  in  the  other  cylinder  a;  place  a 
weight  e  on  the  opposite  scale  so  as  to 
restore  the  balance ;  plunge  b  into  a  ves- 
sel of  water ;  the  scale  c  descends :  now 
fill  the  hollow  cylinder  a  with  water ; 
the  equilibrium  is  restored.  It  \%ill  be 
cbserycd  that  the  water  which  restored 
the  equilibrium  is  equal  to  the  bulk  of 
the  body  b. 

Exp.  11.  Balance  a  glass  of  water  in 
a  pair  of  conmion  scales ;  suspend  a  two 
ounce  brass  weight  by  a  fine  thread  hold  the  weight,  thus  suspended, 
i^lfiie  water ;  then  the  scale  on  which  the  glass  of  water  is  placed  de- 
scends, and  it  will  i-equire  about  a  quarter  of  an  ounce  to  restore  the 
equilibrium.  This  quarter  of  mounce  is  the  weight  of  water  equal  in 
bulk  to  the  brass  weight ;  thereto;  brass  is  about  eight  times  the  weight 
of  an  equal  bulk  of  water. 


Fig.  29. 


To  find  the  Specific  Gravity  of  Liquids  by  Means  of  a  smaU 
Bottle. 

26.  Take  a  small  glass  bottle  having  a  long  neck ;  find  the  weight 
of  this  bottle ;  fill  it  with  pure  water  up  to  a  certain  mark  made  upon 
the  neck;  weigh  the  bottle  and  water;  then  the  difierence  between 
these  weights  will  give  the  weight  of  the  enclosed  water.  Four  out  tho 
water  and  introduce  the  liquid,  whose  specific  gravity  is  to  be  deter- 
mined, to  the  height  of  the  mark  made  upon  the  neck  of  the  bottle ; 
weigh  the  bottle  and  liquid ;  then  the  difference  between  this  weight 
and  that  of  the  bottle  itself  will  give  the  weight  of  the  enclosed  liquid. 
Now,  having  thus  obtained  the  weight  of  equal  bulks  of  water  and  the 
liquid,  the  latter  weight  divided  by  the  former  will  give  the  specific 
gravity  of  the  liquid.  For  example,  let  the  weight  of  the  empty  bottle 
be  200^  grains,  that  of  the  bottle  filled  with  water  800  grains,  and  that 
of  the  boCUe  and  liquid  1100  grains;  then  we  hare 
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Weight  of  the  water  s  800  ~  200  =  600, 
Weight  of  the  liquid  =  1100  —  200  =  900 ; 

SpAafic  gravity  of  the  liquid  =  ^   .  __  ii. 
^  600         '^ 

To  find  the  Specific  Gravity  of  Bodies  by  the  Hydrostatic 
jBalcaice, 

27.  The  hydrostatic  balance  differs  from  an  ordinary  one  only  in 
having  a  hook  attached  to  the  under  side  of  one 
of  the  scales.  The  body,  whose  specific  gravity  is 
to  be  found,  is  suspended  from  the  hook  by  a  horse 
hair,  and  then  its  weight  is  determined.  It  is 
now  weighed  in  water,  and  thus  its  loss  of  weight 
is  Qsoertained.  Now,  it  has  been  explained  (see 
Exp.  10)  that  the  weight  which  a  body  loses  in 
water  is  equal  to  the  weight  €i  a  portion  of  water 
equal  in  bulk  to  the  body,  and  hence  we  have  the  p-  ^q 
following  rule :  — 

The  specific  gravity  of  a  body  is  equal  to  its  weight  ii- 
vided  by  the  weight  which  it  loses  in  water. 

Ex,  The  weight  of  a  solid  body  is  4o  grain?,  but  its  weight  in  water 
is  Qnly  150  grains :  required  the  specific  gravity  of  the  body. 

Here  the  loss  of  weight  in  water,  or,  what  is  the  same  thing,  the 
weight  of  water  equal  in  bulk  to  the  body  =  200  —  160  ss  50 ;  but 
the  weight  of  the  body  itself  =  200 ; 

The  specific  gravity  of  the  body,  or  the  nimibcr  of  times  which  it  ia 

200 
heavier  than  an  equal  bulk  of  water,  =  -— -  =  4. 

28.  The  specific  gravity  of  liquids  may  be  found  by  the  hydroatatio 
balance,  in  the  following  manner :  — 

Weigh  a  solid  body  in  water,  as  well  as  in  the  liqiUd  whose  specific 
gravity  is  to  be  determined ;  then  the  loss  in  each  case  will  be  the  re- 
spective weights  of  equal  bulks  of  water  and  the  liquid ;  therefore  — 

The  loss  of  weight  in  the  liquid,  divided  by  the  loss  of 
weight  in  the  water,  will  give  the  specific  gravity  of  the  liquid. 

The  solid  body  used  in  this  process  is  usually  a  heavy  piece  of  glass, 
suspended  from  the  scale  by  means  of  a  fine  platinum  wire. 

Ex.  A  heavy  piece  of  gloss  loses  2  ounces  when  weighed  in  water, 
and  3  ounces  when  weighed  in  diluted  sulphuric  acid :  required  the  spe- 
cific gravity  of  the  acid. 
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Here  the  wdghts  of  equal  bulks  of  the  two  liquidi  are  2  and  3  ounces 
respectively. 

Specific  gravity  of  the  add  =« — — — — -  =:  4  s=  lA. 
^  o        ^  yfl^  water       -^         * 

29.  A  false  gold  coin  may  be  detected  by  finding  its  specific  gravity, 
fat  as  pure  gold  has.>i  greattr  specific  gravity  than  any  of  the  metals, 
such  as  silver  or  copper,  with  which  it  may  be  adulterated,  the  counter- 
feit coin  will  have  a  less  speofic  gravity  than  standard  gold.  Trades- 
men use  a  very  simple  method  for  detecting  a  false  coin.  A  standard 
coixv  must  have  a  proper  weight,  and  also  a  certain  bulk  corresponding 
to  its  weight ;  now  a  false  coin,  having  the  proper  weight,  will  have  a 
greater  bulk  than  m  true  one ;  henco  the  tradesman  employs  two  tests 
for  ascertaining  a  good  coin ;  he  first  weighs  it,  and  if  this  is  found  cor- 
rect, he  then  tries  to  pass  it  through  a  elit  made  exactly  to  fit  the  thick- 
ness and  diameter  of  a  standard  coin ;  if  the  coin  under  examination 
does  not  pass  through  this  slit,  he  concludes  that  the  coin  is  coimterfcit. 


Specific  Gravity  of  Bodies  determined  hy  the  Hydrometer. 

30.  These  instruments  depend  upon  the  principle,  that  the  weight  of 
a  floating  body  is  equal  to  the  weight  of  the  fluid  which  it  displaces. 

Nicholson* s  Hydrometer  is  so  contrived  as  to  determine  the  specific 
gravity  of  solids  ^  well  as  Uquids.  In  Fig.  31,  B  is  a 
hollow  ball,  to  which  is  attached  a  fine  wire  a,  supporting 
a  dish  C  for  receiving  weights ;  proceeding  from  the  \mder 
side  of  the  ball  is  the  stirrup  D,  carrying  a  heavy  dish  F 
for  preserving  the  stability  of  the  instrument  when  it 
floats,  and  for  holding  any  solid  body  whose  specific  grav- 
ity is  to  be  determined.  The  instrument  is  fioated  in  pure 
water,  and  a  weight  of  1000  grains  is  put  into  the  dish  C ; 
now,  the  weight  of  the  instrument  is  so  a(^usted  that  it 
sinks  to  about  the  middle  of  the  fine  stem ;  and  a  mark  8 
is  made  at  this  point. 

31 .  To  determine  the  specific  gravity  of  a  liquid :  — 

Place  the  instrument  in  the  liquid,  and  put  weights  into  the  dish  C 
until  the  mark  s  on  the  stem  sinks  to  the  level  of  the  surface  of  the 
liquid.  These  weights  added  to  the  weight  of  the  instrument  will  be 
equal  to  the  weight  of  the  liquid  displaced ;  but  the  weight  of  the  in- 
strument added  to  1000  oz.  is  equal  to  the  weight  of  an  equal  bulk  of 
water ;  therefore  the  former  sum  divided  by  the  latter  will  give  the  spe- 
cific gravity  of  the  liquid.  For  example,  let  the  weight  of  the  instru- 
ment be  3000  grains,  the  weight  put  on  the  dish  C  equal  to  200  graina, 
then  we  have 
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Weight  of  dieplaced  water  ==  3000  +  1000  »  4000  ; 
"         "         "         liquid  =  3000  4-    200  =  3200; 

3200 
Specific  gravity  of  liquid  =—-=:. 8. 

_     32.  To  determine  the  epddfic  gravity  of  a  solid  .-  *^ 

Place  the  instrument  in  water,  and  put  the  solid  in  the  uppa  diah  C  \ 
add  weights  to  this  dish  imtil  the  mark  t  on  the  stem  sinks  to  a  level 
with  the  fluid ;  then  these  weights,  together  with  the  weight  of  the  body, 
must  be  equal  to  1000  grains;  therefore  the  weight  of  the  body  itself 
must  be  equal  to  1000  grains  less  by  these  weights.  For  example^  ifitOOO 
grains  are  added  to  the  dish  C,  then  the  weight  of  the  body  is  equal  to 
1000  grains  less  by  600  grains,  or  400  grains.  • 

Let  the  body  be  now  placed  in  the  lower  dish  F,  and,  as  before,  let 
weights  be  placed  in  the  upper  dish  until  the  mark  «  sinks  to  a  level 
with  the  water ;  then  these  weights,  together  with  the  weight  or  down- 
ward tendency  of  the  body  in  the  water  are  equal  to  1000  grains ;  there- 
fore the  weight  of  the  body  in  water  is  equal  to  1000  grains  less  by  the 
weights  added  to  the  upper  dish.  Suppose  these  weights  to  moke  up 
800  grains ;  then  the  weight  of  the  body  in  water  is  equal  to  1000  grains 
less  by  800  grains,  or  200  grains. 

Now,  having  obtained  the  weight  of  the  body,  400  grains,  and  also 
its  weight  in  water,  200  grains,  the  loss  of  weight  in  water  will  be  equal 
to  the  difference  of  these  weights — that  is,  in  this  casevthe  loss  of  weight 
in  water  will  be  equal  to  400  grains  less  by  200  grains,  or  200  grains ; 
hence  we  have,  by  Art.  27,  — 

«      ./»  .       ^   ,     ,    ,  "^^  l»dv.  400 

Specific  gravity  of  the  body  =  ^jj-j^^^^  =_  =  2. 

Let  us  take  another  example.  Li  finding  the  weight  of  the  body, 
suppose  that  300  grains  were  put  into  the  dish ;  and  in  finding  the  weight 
of  tlie  body  in  water,  suppose  that  400  grains  were  put  into  the  dish; 
then  we  have,  — 

Weight  of  the  body  =  1000  —  300  =  700  ; 

Weight  of  body  in  water  =  1000  —  400  =  600 ; 

Weight  lost  in  water  =  700  —  600  =  100  ; 

700* 
Specific  gravity  of  the  body  =  — --  =  7. 

33.  Sike't  Hydrometer^  which  is  the  one  employed  by  excisemen,  has  a 
graduated  stem,  and  the  instrument  is  always  used  in  connectioii  with  a 
book  of  tables.  The  depth  to  which  the  stem  smks  is  observed,  and  at 
the  same  time  the  thermometer  and  barometer  are  also  noted;  these 
nuinbcrs  being  sought  out  in  the  tables,  the  corresponding  specific  gntv-' 
ity  is  found  in  its  projier  column. 

The  hydrometer  is  chiefly  used  for  ascertaining  the  aduHoration  of 
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■pirits.  The  strongest  spirits,  or  those  which  contain  the  largest  quantity 
of  alcohol,  have  the  least  speciiic  gravity,  and  eonscquentl]i  the  hydroiu- 
eter  sinks  in  them  to  the  greatest  depth.  The  specific  gravity  of  puic 
alcohol  is  nearly  -^  or  .8,  and  that  of  proof  spiritSt  which  is  a  mixtui  o 
of  equal  parts  of  alcohol  and  water,  is  about  ^g-  or  .9.  Spiiits  are  said 
Co  be  aboce  proof  or  under  proof  according  as  they  contain  a  larger  or 
■mailer  proportion  of«alcohd. 

Floating  Bodies. 

34.  It  has  already  been  explained  that,  when  a  body  floats  in  a  fliudi 
the  weight  of  the  fluid  displaced  is  always  equal  to  the  weight  of  the 
body.     Let  A  B  C  D  (Fig.  32)  be  a  piece  of 

wood  floating  in  water ;  then  the  weight  of  the 
-water  displa<ied,  viz.,  E  F  C  D,  is  equal  to  the 
-whole  weight  of  the  wood.    The  upward  pres- 
sure on  the  bottom  D  C  is  the  same  as  that  whi(^  ^  ,_^_^  _^.  ^ 
-Would  support  a  portion  of  fluid  equal  in  bulk  to  -'^£:i:?i:--s3^^i^ 
the  displaced  fluid  £  F  C  D ;  and  as  the  down-  Fig,  32. 
ward  pressure  of  the  body  is  equal  to  the  upward 
pressure  of  the  fluids  it  foUows  that  the  weight  of  the  body  is  equal  to 
the  weight  of  the  fluid  displaced. 

Hence  it  is  that  iron  vessels  float  in  water ;  for  as  they  are  made  hol- 
low, it  is  easy  to  see  that  the  displaced  water  mtist  be  much  heavier  than 
the  whole  weight  of  the  metal. 

35.  In  order  that  a  body  may  float  with  stability,  it  is  requisite  that 
its  centre  of  gravity  should  lie  as  low  as  possible.  Fur  this  reason  ballast 
is  laid  in  the  bottoms  of  ships ;  and,  in  like  manner,  when  a  boat  is  in 
danger  of  being  overturned  by  the  violence  of  the  winds  or  the  rolling 
of  the  waves,  it  tends  to  lessen  the  danger  when  the  passengers  lay 
themselves  flat  at  the  bottom  of  the  boat.  A  body  is  most  stable  when 
it  floats  upon  its  greatest  surface ;  thus  a  plank  floats  with  the  greatest 
stabihty  when  it  is  placed  flat  upon  the  water,  and  its  position  is  unstable 
-when  it  is  made  to  float  edgewise.  A  body  -mil  only  remain  at  rest  in  a 
fluid  when  the  centres  of  gravity  of  the  whole  body  and  that  of  the  dis- 
placed fluid  are  in  the  same  vertical  line ;  for  if  the  body  is  shifted  from 
this  position,  the  upward  pressure  of  the  water,  as  well  as  the  downward 
pressure  of  the  body,  tends  to  faring  it  to  its  original  position.  In  Fig.  33, 
No.  1,  C  represents  the  centre  ^ — ^^^  ^^ — ^ 

of  gravity  of  the  body,  and  B  r^r,"^^    ^       >y-.-   -/    ^  ^        ^'^^^ 

that    of  the    fluid    displaced,  Is^                   ]^-^       **<>  1      f -^^" 

where  C  and  B  are  in  the  same  1'£;^                yfe^ls.       t   J     '_^^ 

vertical  line.    Now,  when  the  v^Z2^.,  ^^-pj^^^ig^SK^*  'ji^^jj'"-^ 

.  body  is  shifted  from  this  posi-  .c:S=r^5?^£^^Z*«??^3sBa^^ 
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tkmt  aa  in  No.  2,  the  gravity  of  the  body,  as  well  as  the  buoyancy  of 
the  fluid,  tends  to  bring  the  body  to  its  lint  position. 

AnninoKAL  Facts. 

A  stone  which  on  land  requires  the  strength  of  two  men  to  lift 
it  may  be  lifted  in  water  by  one  man.  A  boy  will  often  wonder 
why  he  can  lift  a  certain  stone  to  the  sur£v:e  of  the  water,  but  no 
further. 

When  a  person  lies  in  a  bath,  the  limbs  axe  so  nearly  supported  by 
the  water  as  to  require  scarcely  any  exertion  on  the  part  of  the  indi- 
vidual. 

The  human  body,  with  the  chest  full  of  air,  naturally  floats  with  a 
bulk  of  about  half  the  head  above  the  water.  That  a  person  in  water, 
therefore,  may  live  and  breathe,  it  is  only  necessary  to  keep  the  face  u]> 
permost. 

The  common  contrivances  called  life  pretervera,  for  preventing  drown- 
ing, are  strings  of  corks  put  round  the  chest  or  neck,  or  air-tight  bags, 
inflated,  and  applied  round  the  upper  part  of  the  body. 

Fishes  can  change  their  specific  gravity  by  diminishing  or  increasing 
the  size  of  a  little  air  bag  contained  in  their  bodies. 

A  ship  draws  less  water,  or  sails  lighter,  by  one  thirty-fifth,  in  the 
heavy  salt  water  of  the  sea  than  in  the  fresh  water  of  a  river ;  and,  for 
the  same  reason,  swimming  in  sea  water  is  easier  than  in  a  pond  or  river. 

Many  kmds  of  wood  that  float  in  water  will  sink  in  cnl. 

A  tnun  floats  on  mercury  as  the  lightest  cork  floats  on  water.  ' 

Cream  rises  in  milk,  and  forms  a  covering  to  it. 

The  equilibrium  of  floating  bodies  is  a  subject  of  great  practical  im- 
portance, but  it  would  require  a  knowledge  of  mathematics  to  enter 
upon  it  more  fully. 

Capillary  Attraction. 

36.  When  the  extremity  of  a  glass  tube  having  a  very  small  bore  is 
plunged  into  water,  the  fluid  is  found  to  rise  in  the 
tube.  This  exception  to  the  law  of  level  of  the  surface 
of  a  fluid  is  said  to  take  place  in  consequence  of  the 
attraction  of  the  interior  surface  of  the  tube  upon  the 
water ;  and  it  is  called  capiVary  attraction,  for  it  takes 
place  in  capiMary  tubes,  or  tubes  having  a  hair'like 
bore.  The  adhesion  of  the  water  to  the  sides  of  the 
tube  is  shown  by  the  concave  form  of  the  surface  of  the  Fi^,  84. 
water  in  the  tube ;  hence  it  is  always  essential  to  the 
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Fig,  So. 


Fig,  3G. 


eflbet  that  the  tube  should  be  susceptible  of  being  vet- 
ted^  iot  when  the  tube  is  soiled  with  any  oily  sub- 
stances the  water  becomes  depressed  in  consequence  of 
the  rtpulsion  which  the  oil  has  for  water.  If  the  cap- 
illary tube  be  immersed  in  mercury,  then  the  mercury 
becomes  depressed  in  the  tube,  in  consequence  of  the 
repalsion  which  the  surface  of  the  glass  has  for  the 
xoercur^. 

37 «  The  height  X6  which  water  rises  in  these  tubes  is  in  proportion  to 
the  smallness  of  their  diameters ;  thus  in  two  tubes,  one  of  which  is 
double  the  diameter  of  the  other,  the  fluid  will  rise  to  double  the  height 
in  the  ^"^11  tube  that  it  will  do  in  the  other.  This  law  is  beautifully 
ilhistrated  by  the  following  experiment  (Fig. 
36)  :  Take  two  plates  of  glass,  kept  in  contact 
at  one  extremity  and  a  little  apart  at  the 
other ;  immer%  them  in  water,  as  shown  in 
the  figure :  the  water  rises  between  the  plates, 

forming  a  curved  line  called  the  hyperbola. 

It  will  be  observed  that  the  height  of  the 

water  at  any  part  is  greater  according  as  the 

distance  between  the  plates  at  that  port  is  less. 

SS.  If  two  balls  of  wood,  (Fig.  37,)  each  of  which  is  capable  of  be- 
coming fpetted,  be  placed  upon  water,  their 

sides  will  draw  up  the  water ;  and  if  they  are 

brought  near  one  another,  so  that  the  dcva- 

tlons  of  the  fluid  may  interfere,  the  balls  will 

approach  one  another  —  that  is,  they  i^'ill  ap- 

I)ear  to  attract  one  another.    In  the  same  way 

little  floating  bodies  are  attracted  to  the  sides  of  the  wood.    If  one  of 

the  balls  be  soUed  vriih  oil,  (Fig.  38,)  the  fluid  about  that  ball  will  bo 

depressed ;  and  if  they  are  brought  near  one 

another,  as  in  the  last  case,  they  will  repel  one 

another.    These  facts  depend  upon  the  princi- 
ple of  capillary  attraction  and  repulsion.    On 

the  same  principle  a  great  many  phenomena 

in  nature  may  be  explained.    For  example, 

the  melted  tallow  of  a  candle  rises  in  the  wick ;  and  water  rises  through 

the  fine  pores  of  sugar. 

39.  Take  an  ordinary  sized  glass  tube,  and  tie  a  piece  of  thin  bladder, 

or  any  fine  membranous  substance,  over  one  end ;  into  this  tube  pour 

some  thick  sirup  of  sugar  and  water ;  immerse  the  tube  in  water ;  then 

in  the  course  of  a  few  hours  the  fluid  in  the  tube  will  have  lisen  to  the 
8»  • 


Fij.  37. 


Fig.  38. 
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rfl«id,  the  wwct,  pwws  iiK«  r^ttdly  through 
,.,^  „to  the  tube  th«i  the  thicker 
'ipiiu    Th»iqftwfc«hlft  phenom- 


Miaik  «nd  Siw»w**^ 


the  Conner  term 


'  ^^  ^wr  ^  tmdoutwardt.    In. 

L^^:  'V  ^w^iw  pwses  through  the 

.^    *W  1^^  hy  endosmose,  and  the 

^    ^,  ^^  1^  tube  by  exosmose.    On 

,«,^^x  Mi^octant  phenompna  of  nature 
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*u»\U4^  vd^inecl  the  leading  phenomena  resulting  fiom  the 
,.s  «•*%'  ^^hl  cf  fluids  in  a  state  of  rest,  we  now  cometo  tzeat  of 
.s    vMVA  AUfc^bk 

I .  .W<>y  viM  which  Water  spouts  out  of  a  Vessel 

1 1 ,  \V  Kutt  a  hole  is  made  in  a  vesBel  filled  with  water,  the  fluid  spouts 
vs  :  i)i  4  ,M  ^'ith  greater  or  less  velocity  according  to  the  depth  of  the 
'k  1  \lvv\  (h0  surface  of  water.  The  following  simple  law  obtains  in 
I « .usut.  V  U»  the  efflux  of  the  water,  supposing  that  it  underwent  no  resist- 
oi.v  iKou  ftrii'tion  or  other  causes.  The  velocity  of  a  jet  B  or  C  (Fig. 
io  V  tuvKHWiUng  vertically  fiom  a  vessel  is  such  as 
u»  V  yk\m>  \\>»  water  to  iif«  up  to  the  level  of  the 
w.iicv  in  the  vessel,  as  shown  in  the  annexed  cut. 
I  \m3*  MWins  to  arise  from  the  principle  that  water 
.tlv\a>*  seeks  its  level,  for  the  jet  tends  to  rise  to 
iKo  U»vi*l  A  D  of  the  water  in  the  vessel.  Now, 
It  lh<^  velocity  with  which  the  fluid  issues  from 
tho  aiMTture  B  be  such  as  to  carry  the  fluid 
lliixmgh  the  perpendicular  height  B^A  in  opposi- 
\M\  to  gravity,  it  follows  that  this  velocity  is  equal  to  that  which  a 
U>dy  would  acquire  in  falling  freely  tlm>ugh  this  space.  Hence  we  con- 
vlude  that  a  fluid  issues  from  an  aperture  with  a  velocity  equal  to  that 
^hich  a  body  teould  acquire  in  falling  through  a  space  equal  to  the 
dopth  of  the  aperture  heloxe  the  surface  of  the  fluid :  thus,  if  A  B  is  16 
IMf  the  velocity  of  the  jet  will  be  32  feet  per  second ;  for  this  kb  the 
f^locity  which  a  body  acquires  in  falling  thzough  the  space  of  16  ftet. 


Fig.  40. 
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Fig.  42. 


42.  In  Pig.  il  the  aperture  is  made  in  the  bottom  of 
the  'roBsel;  and  the  theocetical  ydkxatf  with  which  the 
"water  isEoies  ia,  as  in  the  preceding  caae^  equal  to  the  ve- 
locity which  the  fluid  would  acquire  in  iaUing  freely 
doiWn  frata  mn  to  be. 

Now,  it  ii  shown  in  mechamo  that  the  Telocity  ac- 
qoized  hy  a  fidling  body  ii  aa  the  square  xoot  of  the 
apace  through  which  it  fsOk ;  therefore  the  velocity  with 
which  water  epotOe  out  at  any  aperture  in  a  veteel  is  a$ 
the  s^iiore  root  of  the  depth  of  the  aperture  below  the  aur- 
face  of  the  water*     It  must,  however,  be  observed  that 
there  are  different  obstructioDS  which  tend  to  modify  this  rule  in  practice. 
"When  w^ater  is  conveyed  from  a  dstcm  to  any  considerable  distance  in 
pipes,  as  ^lown  in  the  annexed  cut, 
(Rg.  42,)  the  fiiction  of  the  water, 
as  it  moves  in  the  pipe,  togcthcrwith 
the  obstructions   presented   by  the 
bendii^  &c,  tends  very  much  to 
retard  the  motion  of  the  fl^id.     By 
the  theoretical  rule  above  given,  the 
Telocity  of  discharge  would  be  duo  to  the  vertical  depth  A  B  through 
-which  the  water  f^lls;  but,  owing  to  the  resistances  jiat  mentioned,  this 
is  very  far  from  being  practically  true ;  in  such  cases  the  engineer  must 
have  recourse  to  some  formula  derived  from  experiment. 

It  is  a  curious  fact  that  more  water  issues  from  a  vessel  through 
a  short  pipe  than  through  a  simple  aperture  of  the  same  diameter  aa  the 
ppe;  and  still  more,  if  the  pipe  be  funnel-shaped,  or  wider  towards  its 
inner  extremity.  The  explanation  is,  that  the  issuing  particles,  coming 
from  an  ades  to  escape,  cross  and  impede  each  other  in  rushing  through 
a  simple  opening,  whereas  the  tube,  leading  the  water  by  a  more  grad- 
ual inclination  towards  the  point  of  exit,  considerably  prevents  the  cross- 
ing among  the  particles. 

To  regulate  the  Supply  of  Water, 
43.  When  water  is  conveyed  by  pipes  to  cisterns,  it  is  necessary  that 
no  more  water  should  flow  into  the  cistern  than  is  required.    This  ad- 
justment is  eflected  by  a  simple  and  ingenious  contrivance  galled  the 
float  cock.    Pig.  43,  P  represents  a  pipe 
conveying  water  to  the  cistern  A ;  B  is 
a  hollow  ball  of  metal,  called  the  float, 
which  is  connected  with  a  cock  C,  open- 
ing and  dosing  the  pipe  in  such  a  man- 
ner that  when  the  float  is  raised  the  cock 

Fig,  43, 


92  NATUBAL  AND   EXPBBIMBNTiX   PHILOSOPHY. 

stops  the  passage  of  the  water,  and,  on  the  contrary,  when  the  float  is 
depressed,  the  oock  allows  the  water  to  flow  through  it.  Now,  when 
there  is  a  deficiency  of  water  in  the  dstem,  the  cock  C  is  open  and  a 
&esh  supply  is  allowed  to  run  in ;  but  as  the  water  rises,  the  float  B  by 
its  buoyancy  also  rises,  and  at  length  turns  the  cock  so  as  to  stop  the 
supply  of  water ;  again,  when  water  is  taken  out  of  the  dstem,  the  float 
£b11s  whh  the  water,  and  at  length  opens  the  oock«  which  admits  a  fresh 
supply  of  water ;  and  so  on. 

Springi.  and  Artesian   Wells, 

♦ 

44.  Springs  are  formed  by  the  rain  and  moisture  which  fall  upon 
hills  and  mountains.  The  upper  crust  of  mountains  is  usually  composed 
of  loose,  porous  layers  of  substances  which  allow  water  to  pass  through 
them,  and  also  of  layers  of  clay  and  solid  substances  which  are  imper- 
vious to  water.    Let  the  accompanying 

cut  (Fig.  44)  represent  the  section  of  a  J^^^^i^^jS^ 

mountain  or  hill,  where  A  is  composed  of  '/^M^^IW^ 

loose  or  porous  substances,  c  a  layer  of  clay  r^^M^^^Q^F 

or  some  substance  which  stops  the  descent*    rr^'XTs^i^^'hu^t'!^^ 
of  the  water ;  then  the  water  which  filters    fe^^^S^^J^ 
through  A  will*  run  along  thei  top  of  c   ,  'Vs^i*^ 
until  it  is  discharged  at  F  in  the  form  of  ^«  *4« 

a  natural  spring  or  fountain  ;  B  is  com- 
posed of  loose  or  porous  subrtances ;  D  some  substance  which  stops  the 
descent  of  the  water ;  to  is  an  artesifln  well,  or  vertical  hole,  which  has 
been  bored  by  workmen,  and  metal  pipes  put  dorni  it;  now,  the  rain 
water,  together  with  the  water  which  arises  from  melting  snow  and  ice, 
sinks  through  B  and  flows  along  the  sur&ce  of  D  until  it  finds  a  vent 
up  the  pipes  forming  the  artesian  well  to.  Let  us  further  suppose  that  h 
is  a  rent  or  fissure  in  which  water  is  collected  ;  then  the  height  to  which 
the  water  will  rise  in  the  well  to  will  be  on  the  same  level  with  the  water 
in  the  fountain  6. 

Canals  and  Locks. 

45.  Canals  are  artificial  streams  of  water,  upon  which  barges  are 
floated  for  the  purpose  of  conveying  heavy  goods  from  one  place  to 
another.  The  water  in  canals  is  usually  obtained  from  springs  or  from 
some  neighboring  river.  Li  order  that  the  barges  may  sail  with  equal 
case  in  both  directions  of  the  canal,  it  is  requisite  that  the  surface  of  the 
water  should  be  level;'  to  accomplish  this,  the  canal  is  sometimes  carried 
over  valleys  by  means  of  bridges  and  embankments,  and  sometimes  it  is 
even  made  to  pass  through  hills  by  means  of  tunnels;  but  the  most 
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Fig.  45. 


eommcn  contrivance  for  maintaming  the  level  of  suxfiioe  is  that  of  locks 
or  floodgates.  Fig.  45  repre- 
sents a  section  of  a  lock,  niiade 
at  a  place  where  there  is  a  sud- 
den fidl  of  the  ground  along 
vhich  the  canal  has  to  pass: 
A  B  and  C  D  are  the  two  gates 
wfalch  oosnpletdy  intercept  the 
ooazae  of  the  water,  but  at  the 
same  time  admit  of  being  opened  and  closed ;  A  H  is  the  level  of  the 
water  in  that  part  of  the  canal  lying  above  the  gate  A  B,  and  F  G  the 
level  lying  below  the  gate  C  I) ;  now,  when  a  barge  is  about  to  pass 
from  A  H  to  F  G,  a  side  sluice,  not  shown  in  the  figure,  is  first  opened, 
which  allows  the  water  to  flow  fixnn  A  H  into  the  space  A  E  F  C  be- 
tween the  gates  until  it  attains  the  common  level  H  A  C ;  the  gate  A  B 
is  then  opened,  and  the  barge  floats  into  the  space  between  the  gates ; 
the  gate  A  B  is  now  closed,  and  a  side  sluice  is  opened,  whfch  allows  the 
water  to  flow  from  the  spooe  A  £  F  C  until  it  comes  to  the  common  level 
£  F  G ;  the  gate  C  D  is  then  opened,  and  the  barge  floats  out  of  the 
locks  along  the  canal.  It  is  easy  to  see,  by  reveraing  the  steps  of  this 
process,  that  the  ))azge  may  be  floated  in  the  contrary  direction.  A 
horscb  moving  along  the  side  of  the  canal,  is  usually  employed  to  puU 
the  barge  through  the  water. 


QTDRAULIC   MACHINES. 


Water  WheeU,  Sfc. 


46.  Fig.  46  represents  an' 
undershot  wheelf  turning  on 
the  axle  A ;  M  N  is  a  cur- 
rent  of  water,  which,  striking 
against  ibe  float  boards,  causes 
the  wheel  to  revolve  on  its 
axle  A  ;  on  this  axle  is  fixed 
the  toothed  wheel  which  drives 
the  machinery. 

In  Poncelet's  undershot 
wheel  the  float  boards  are 
curved  to^t^STds  the  direction 
of  the  current,  so  that  the 
water  rolls  up  their  soxface. 


Fiin.  46. 
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and  does  not  Icnre  them  until 
all  its  work  is  spent  upon  the 
wheel. 

Fig.  47  represents  an  overahoi 
trAiW,  turning  on  its  centre  O ; 
£  F  is  a  stream  of  water  flow- 
ing over  the  top  of  the  wheel 
into  the  buckets  c  d,  &c.,  fixed 
upon  the  rim  of  the  wheel ;  the 
gravity  of  the  water  in  these 
buckets  causes  the  right  hand 
side  A  B  C  of  the  wheel  to  be 
heavier  than  the  other  side, 
where  the  buckets  are  empty,' 
being  all  turned  upside  down  ; 
hence  the  wheel  revolves  in  the  ^*  *' • 

direction  A  J  C.  Let  c  m  and  d  n  be  perpendiculars  let  fall  from  the 
centres  of  gravity  of  the  water  in  the  two  buckets  c  and  d  respectively  ; 
then  O  m  -will  be  the  leverage  of  the  water  in  the  bucket  c,  and  O  n 
that  of  the  bucket  d ;  the  bucket  B,  in  the  horizontal  line  O  B,  will 
have  the  greatest  leverage,  and  consequently  will  act  with  the  greatest 
efficiency  in  moving  the  wheel.  As  the  buckets  descend  below  B,  tlicy 
not  only  act  with  a  decreasing  leverage,  but  the  water  which  they  con- 
tain is  continually  flowing  out  of  them  until  they  arrive  at  C,  when  they 
become  completely  empty. 

Barker^i  Mil 

47.  This  simple  and  elegant  engine 
is  moved  by  the  efflux  of  water  under- 
going pressure.  C  D  is  a  hollow  cylin- 
der turning  on  a  vertical  axis;  A  B  is 
a  horizontal  cylinder  communicatiDg 
internally  with  the  former ;  at  the  ex- 
tremities of  this  hcrisontal  cylinder  two 
apertures  A  and  B  are  made  in  the 
sides,  openi^  in  opposite  directions. 
On  the  continuation  of  the  vertical 
axis,  the  upper  millstone  S  is  fixed,  and 
therefore  revolves  with  it;  H  is  the 
hopper  delivering  the  com  to  be  ground. 
A  continuous  stream  of  water  flows 
through  the  pipe  e  e  into  the  cyUnder 
CD.    Let  us  suppose  that  the  cylinder 

.JV.28. 
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C  D,  with  its  horisDntal  branch  A  B,  to  be  filled  with  water ;  then  the 
proBBure  of  this  oDliunn  of  fluid  will  cause  the  water  to  be  projected  in 
jets  from  the  orifices  A  and  B  in  opposite  directions ;  then  the  recoil  or 
xeftctioii  of  these  jets  upon  the  extremities  of  A  and  B  gives  a  xotatsory 
moCMRi  to  tha  whole  machine  upon  the  vertical  axis. 

Or,  to  take  another  view  of  the  principle  of  action  in  this  machine : 
if  the  ocifioes  at  A  and  B  were  dosed,  the  column  of  fluid  in  the  vertical 
tube  C  D  would  press  equally  on  both  sides  of  the  haEiaontal  tube  A  B ; 
but  when  the  orifices  A  and  B  are  opened,  the  prenure  on  these  parts  is 
rdcased,  while  the  pressure  upon  the  sides  opposite  to  them  remains  the 
same ;  hence  the  tube  A  B  revolves  in  the  direction  of  the  greater 
preasoie —  that  is,  in  a  direction  contrary  to  that  of  the  jets  of  water. 


The  Archimedean  Screw. 

48.  This  simple  and  beautiful  contrivance  for  rais^ig  water  was  in- 
vented by  the  great  Archimedes.  It  simply  oonsbta  of  a  pipe  wound, 
in  a  spiral  form,  about  a  solid  cyl- 
inder A  B,  which  is  made  to  revolve 
on  its  axis  by  means  of  the  winch 
H.  The  lower  orifice  a  of  the 
spiral  tube  dips  into  the  water  to 
be  raised,  and  it  is  discharged  at 
the  upper  orifice.  As  the  cylinder 
is  turned  round,  the  water,  which 
cnteis  the  orifice  a  at  each  revolu- 
tion, runs  down  a  series  of  mclined 
planeB,  until  it  flows  out  at  the 
upper  orifice.  In  order  to  illustrate 
this  action,  let  a  marble  be  put  into 
the  pipe  at  a,  then  as  the  cylinder 


Fig.  49. 


is  turned  round,  the  marble  will  continue  to  roll  down  a  i 

mclined  planes  (formed  at  each  revolution  of  the  cylinder)  until  it  la 
discharged  at  the  upper  orifice^ 


ExEBdSBS  0»   HTDBOStATICS  AKD  HtDRAXTLZCS. 
^  • 

I.  In  Fig^  9,  Art.  II,  suppose  the  laige  piston  P  to  contain  40  square 
inches,  and  the  small  one,  /s  2  square  inches;  what  upward  pressure 
will  be  produced  upon  the  large  piston  by  a  downward  preBSuieof  14 
lbs.  exerted  upon  the  small  one  ? 
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ProBsure  on  2  in.  of  the  piston  ss  14  lbs. ; 
«•  1  in.  "        =  ^  =  7  lbs, ; 

"  40  in.  "        =  40  X  7  =  280  lbs. 

2.  Required  the  same  as  in  the  last  example*  when  the  surface  of  the 
large  piston  is  25  inches,  that  of  the  small  one  3  inches,  and  the  pressure 
applied  to  it  30  lbs.  Ana,  260  lbs. 

3.  In  Fig.  11,  Alt.  13,  let  the  area  of  the  base  D  C  contain  4  square 
feet,  and  let  the  depth  of  the  water  6  C  be  6  feet :  ]:equired  the  pressure 
on  the  bottom  of  the  yessel.  Atu.  20,000  oz.,  or  1260  lbs. 

4.  In  the  hydrostatic  bdlows,  (see  Fig.  18,  Art.  16,)  the  upper  board 
A  contains  2  square  feet  of  surface,  and  the  height  of  the  water  in  the 
tube  6  e  b  4  feet :  required  the  weight  W  wliich  will  be  supported  on  the 
bellows.  Ans.  8000  oz.,  or  600  lbs. 

5.  In  a  flood  gate  (see  Fig.  23,  Art.  21)  A  Q  D  G,  let  the  breadth 
A  Q  =  6  feet,  the  depth  A  G  or  £  F  =  6  feet :  required  the  position  of 
the  centre  of  pressure,  and  also  the  pressure  of  the  water  upon  the  gate. 

Am.  The  centre  of  pressure  is  two  feet  from  the  bottom ;  and  the 
whole  pressure  is  5626  lbs. 

'6.  In  finding  the  specific  gravity  of  a  liquid,  (see  Art.  26,)  suppose 
the  weight  of  the  empty  bottle  to  be  300  grains,  the  weight  of  the  bottle 
filled  with  water  to  be  900  grains,  and  the  weight  of  the  bottle  filled 
with  the  hquid  to  be  700  grains :  required  the  specific  gravity  of  the 
liquid.  Am.  |,  or  666  -f  • 

7.  The  weight  of  a  solid  body  is  300  grains,  but  its  wdght  in  water  is 
250  grains :  required  the  specific  gravity  of  the  body.    (See  Art.  27.) 

Am.  6. 

8.  A  solid  body  lost  40  grains  when  weighed  in  water,  and  70  grains 
when  weighed  in  oil  of  vitriol :  required  the  specific  gravity  of  the 
vitriol.    (See  Art.  28.)  Am.  ll. 

9.  In  finduig  the  specific  gravity  of  a  liquid  by  Nicholson's  Hydrom- 
eter, (see  Art.  30,)  let  the  weight  of  the  instrument  be  3000  grains,  and 
let  the  weight  put  in  the  dish  C  (to  sink  the  instrument  to  the  mark  i 
when  floated  in  the  liquid)  be  1400  grains :  required  the  specific  gravity 
of  the  liquid.  Am.  1.1. 

10.  A.cubical  |nece  of  wood,  whose  ade  is  2  feet,  sinks  to  the  depth 
of  li  feet  when  floated  aa  water :  required  the  specific  gravity  of  the 
wood.    (See  Art  34.) 

•   Here  the  wood  contains  8  cubic  feet ;  and  the  volume  of  the  water  dis- 
placed =s2X2Xli==6  cubic  feet.    Now,  the  weight  of  this  displaced 
water  is  6000  oz.,  but  this  is  also  the  weight  of  the  floating  body ; 
"Weight  of  8  c  ft.  of  the  wood  =  6000  oz. ; 

left.  "  =6000.      ., 

— —  =  760oz.; 
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But  the  weight  of  1  c.  ft.  of  water  is  1000  os. ; 

Specific  gravity  of  the  wood  —         =.7n. 
1000 
This  result  might  at  once  be  obtained  by  dividing  the  depth  of  im- 
mersion by  the  whole  depth  of  the  body  :  thus,  ^^  =  J,  or  .75. 

11.  Required  the  same  as  in  the  last  example,  when  the  adc  of  the 
cube  is  1  foot,  and  the  depth  of  immermon  S  inches.  Ana.  )• 

12.  With  what  velocity  will  water  issue  from  an  orifice  made  at  the 
depth  of  4  feet  below  the  level  of  the  fluid  ?    (See  Art  42.) 

Ana.  16  ft.  per  second. 
Here  it  will  be  observed  that  a  body  will  fall  through  4  ft.  in  i  of  a 
wcond. 

13.  Required  the  same  as  in  the  last  example,  when  the  orifice  is  64 
fbet  below  the  level  of  the  fluid.  Ana.  64  feet  per  second. 
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PNEUMATICS. 

1.  Pneumatics  is  that  part  of  Natural  Philo^opliy  which 
treats  of  the  motion  and  pressure  of  aeriform  or  eUistic  liuids, 
siK'h  us  the  air  which  forms  the  atmosphere. 

2.  The  atmosphere  every  where  surrounds  the  globe,  and 
extends  to  the  height  of  about  liffy  miles  alove  the  tops  of 
our  highest  mountains.  Ahhougii  the  air  is  invisible,  nnd 
seems  as  notiiing  to  the  vulgar  eye*,  yet  it  is  a  matirial  s«l>- 
stance,  possessing  all  the  essential  properiits  of  mutter  in 
common  with  solid  and  liquid  bodies. 

3.  Air  retards  the  motion  of  bodies. 

Thus,  when  a  flat  board  is  rapidly  moved  through  the  a:r,  a  consider- 
able resisting  force  is  felt;  and  it  is  vnU  known  that  the  velocity  of 
railway  trains  is  much  affected  by  the  resistance  of  the  air.  Winde,  air 
in  motion,  drive  our  ship?  through  the  o:can,  and  perform  useful  labor 
in  our  wind  mill^  ITie  air,  driven  o:i  with  terrific  violence  ly  the  hur- 
ricane or  the  tornado,  sweeps  over  the  earth  and  carries  de?clat:on  and 
ruin  to  the  abodes  of  man.  The  air,  in  the  storm  and  tempest.  Hits  up 
the  mountain  billows  of  the  deep,  and  4P>*^hcs  in  pieces  the  (tately  lark 
as  she  bears  to  our  shores  the  wealth  of  other  lands.  It  is  plain  that  the 
agent  which  is  capable,  of  producing  such  effects  must  bs  material, 

4.  The  air,  like  all  material  bodies,  is  impenetrable  ;  that  is 
to  say,  the  space  occupied  by  air  cannot  contain  any  other 
body  at  the  same  time. 


ExrailMEXTS. 

Exp,  1.  Invert  a  tall  glass  A  over  water,  as  in  the 
accompanying  cut ;  the  water  does  not  rise  completely 
within  the  glass  on  account  of  the  air  which  is  in 
it.  To  render  the  experiment  more  a])narcnt,  a  small 
cork  is  plased  upon  the  water. 

lliis  experiment  also  shows  the  elasticity  of  the  air; 
for  as  the  glass  is  pressed  down,  tho  air  that  is  in  it 
occupies  leis  and  less  space,  and  the  force  requisite  to 
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Fig.  2. 


keep  tbe  glan  down,  or  to  balance  the  elastic  force  of  the  air,  increaaet 
with  the  decrease  of  the  bulk  of  the  air  in  the  glan. 

Exp.  2.  Fill  a  large  bottle  with  water ; 
Uow  air  into  the  battle  by  means  of  a 
bent  tube,  as  shown  in  the  figure;  in 
this  case,  the  air  displaces  the  water. 

In  like  manner,  air  may  be  trans- 
ferred from  one  vessel  to  another.    Here 
6  (Fig.  3)  represents  a  vessd  filled  with 
water,  and  having  its  open  mouth  invert- 
ed in  the  same  fluid ;  e  is  another  vessel  containing  air ;  the  lower  edge 
Off  0  is  brought  to  the  mouth  of  6,  and  as  the  upper 
end  of  « is  depressed,  the  air  rises  in  bubbles  into 
the  Teasel  6,  and  displaces  the  water ;  thus  all  the 
air  in  the  vessel  e  may  be  transferred,  without  any 
loeB,  into  the  vessel  b. 

It  vnll  be  hereafter  explained,  that  the  water  is 
aostained  in  6  by  the  pressure  of  the  atmosphere. 

Exp.  3.  Take  a  bent  tube  of  gloss,  open  at  both 
extremities ;  place  the  fore  finger  on  the  extremity 
B,  and  pour  water  into  A ;  the  fluid  docs  not  fill  the 
branch  B  on  account  of  the  air  which  it  contains. 
Take  away  the  finger :  then  the  air  is  displaced  from 
B,  and  the  water  stands  at  the  same  level  in  both 
branches  of  the  tube. 

5.  Air  has  weight.  Fig.  4. 

Exp.  Take  a  Florence  flask  F^  having  a  stop  cock  S  attached  to  it ; 
exhaust  the  air  from  it  by  means  of  an  exhausting  syringe,  (see  Art.  18 ;) 
weigh  the  bottle  thus  exhausted  of  air ;  open  the  cock,  and 
allow  the  external  air  to  fill  the  bottle ;  the  scale  on  which  the 
bottle  is  placed  will  preponderate,  and  it  will  require  about 
one  pennyweight  weight  to  restore  the  balance.  This  is  the 
weight  of  the  air  in  the  bottle. 

Having  foimd  the  weight  of  any  known  bulk  of  air,  the 
weight  of  any  other  bulk  of  it  may  be  easily  determined.  For 
example,  suppose  that  the  bottle  contains  60  cubic  inches  of 
air,  and  that  its  weight  is  18  grains  ;  let  it  be  required  to  find 
the  weight  of  100  cubic  inches. 

Weight  60  c.  in.  of  air  =?  1 8  grains ; 

1  c  m.  of  an:  s=  --  grains ; 


100  c.  in.  of  air  ssB - 


60' 
18X100 


60 


iSOgraint. 
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Thit  ivcif  kt  of  loe  oqIhc  vDctm  of  iitmwyheric  air,  at  a  nean  tempot- 
ature,  haa  been  found  to  be  31.01  graana.  f^oni  thia  it  £dlowB  that  a 
cubic  foot  of  air  weight  more  than  an  ounces  and  that  water  ia  about 
eight  hundred  times  the  \«*eightof  an  equal  hjilk  of  air. 

6.  light  bodies  float  in  the  air  in  the  aame  way  as  a  piece  of  cork 
floats  in  water :  thua  soap  bubbles,  faallooaa*  ckmda*  and  unoke  flosBt  in 
the  air.  Now,  when  a  body  floata  in  a  fluid,  it  is  Hghter  tlian  that  fluid ; 
the  air,  therefore,  is  heavier,  bulk  for  bnllr,  than  ballffwna  or  any  of  thcae 
bodies  whic^  float  in  it. 


FRESSmiE   OF  THE  Ain. 

7.  The  air,  like  all  other  material  substances,  grayitates 
towards  the  earth;  from  this  it  necessarily  follows  that  the 
atmosphere  must  exert  a  pressure  upon  all  teirestrial  bodies, 
and  moreover  that  the  pressure  on  any  given  surface  must  be 
equal  to  the  weight  of  the  column  of  air  above  that  surface. 
Air,  being  a  fluid,  presses  equally  in  all  directions.  (See  Hy- 
drostatics, Art.  9.) 

The  fact  of  atmospheric  pressure  is  clearly  established  by  the  following 
easy  experiments :  — 

EXFERIHENTS. 

Exp,  1.  Take  a  glass  tube,  open  at  both  ends,  and  fit  a  plug  or  piston 
P  to  it»  by  wrapping  some  cotton  roxind  the  end  of  a  wire ;  insert  the 
bwer  extremity  of  the  tube  in  water,  as  shown  in  the 
figure ;  raise  the  piston :  the  water  rises  in  the  tube  by 
the  pressure  of  the  atmosphere  upon  the  surface  H  H  of 
the  water  in  the  vessel. 

This  experiment  explains  the  principle  of  the  common 
syringe.  Push  the  piston  P  (Fig.  7)  to  the  bottom  of  the 
barrel ;  insert  the  nozzle  O  into  some  water,  and  then 
raise  the  piston :  the  water  rises  into  the  syringe  by  the 
pressure  of  the  atmo^here.    When  the  piston  is  forced  „.     « 

doATnwards,  the  water  escapes,  through  the  orifice  O,  in 
the  form  of  a  jot.    Close  the  orifice  O  with  the  finger,  and  then  raise 
the  piston  ;  a  vacuttm  is  formed  beneath  the  piston. 

Exp.  2.  Close  one  end  of  a  small  tube  with  the  fore  finger,  and  then 
fill  it  with  water ;  invert  the  tube  so  as  not  to  spill  any  of  the  fluid :  the 
water  remains  in  the  tube.  Here  the  ^-ater  would  fall  out  of  the  tube 
by  its  weight,  if  the  upwtffd  pressure  of  the  atmosphere  did  not  fiustain 
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^    Thrflii8cr»]ilM0d  iQtHk  the  tGS^of  the  tulie»tiaie»Qff  tbepn^^ 
of  the  or  6am  the  appteeurfece^  Uw  water,  while  the  upwaid  praHuie 


Fig.  8. 


Fig,9, 


of  the  atmosphere  upon  the  under  sur&ce  of  the  water  sustains  the  fluid 
in  the  tube  in  opposition  to  its  gravity.  Take  away  the  finger,  and  then 
the  water  descends  by  its  own  weight ;  for  in  this  case,  the  air 
presses  upon  the  upper  surface  of  the  water,  as  well  as  upon  its 
lower  surface. 

Exp»  3.  Fill  a  very  smoU-necked  bottle  with  water ;  cautiously 
invert  the  mouth  of  the  bottle  :  the  water  remains  suspended  in 
the  bottle  by  the  upward  pressure  of  the  atmosphere. 

Exp,  4.  Fill  a  wine  glass  with  water,  and  cover  the  mouth 
with  a  piece  of  paper ;  place  the  hand  over  the  paper,  and 
invert  the  glass ;  take  the  hand  carefully  oway :  the  water 
remains  suspended  in  the  gloss  by  the  atmospheric  pressure* 

Ej^,  5.  The  bent  tube  A  B  is  closed  at  the  extremity  A, 
and  open  at  B.  FiU  the  tube  >vith  water  or  mercury,  as 
shown  in  the  figure,  then  the  fluid  will  be  supported  in  the 
branch  A  by  the  pressure  of  the  air  on  the  surface  of  the 
fluid  at  B.  A  tube  of  this  kind,  known  by  the  name  of 
pooper's  Tube,  is  frequently  used  in  experimental  chemistry. 
^The  bird  fountain  and  the  fountain  ink  bottle  depend  upon 
the  same  prineiple.  In  Fig.  1^  A  represents  the  liquid  in 
the  fountain,  and  B  the  liquid  in  the  cup.  As  the  Uquid  is 
taken  from  the  cup,  an  equal  portion  descends  from  the  foun- 
tain, to  supply  the  place  of  that  which  is  taken  away. 

Exp,  6.  The  common  ixtcker  affords  a  simple  and  beautiful 
1Ilu8tratio&  of  the  pressure  of  the  atmosphere.    Observe  that  the  wetted 
9» 


Fig.  10. 
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pece  of  leather,  or  sucker,  is  raised  in  the  middle,  by  the  string  attached 
to  that  port ;  this  forms  a  hollow  spacer  or  Tacaum,  between  the  central 


Fig.n. 


Fig.U. 


portion  of  the  sucker  and  the  stone ;  the  pvessurc  of^  the  atmosphere, 
therefore,  presses  the  stone  upwards  against  the  sucker.  The  stone  falls 
the  moment  a  hole  is  made  in  the  central  port  of  the  sucker. 

In  this  manner  limpets  stick  vAih 
such  force  to  the  rocks ;  and  on  the 
same  principle  flies  walk  on  the  ceiling, 
for  they  have  the  power  of  forming  t\ ' 

their  little  feet  into  suckers.  Fiff»  14. 

Exp,  7.  Take  a  pair  of  common  bel- 
lows ;  observe,  while  you  raise  the  top  board  A,  that  the  valTe  v  opens, 
in  consequence  of  the  external  air  rushing 
in  to  fill,  up  the  void ;  and  observe,  while 
you  depress  the  top  board*  that  the  valve  v  is 
closed,  and  the  air  is  propelled  through  the 
nozde  n  with  considerable  force,  in  conse- 
quence of  the  elasticity  of  the  compressed 
air  within  the  bellows. 

Exp,  8.  Take  a  glass  tube,  about  32  inches 
long,  closed  at  one  extremity ;  fill  the  tube 
with  mercury,  apply  the  finger  to  the  open 
end,  and  immerse  it  in  a  cup  of  mercury ; 
bring  the  tube  to  an  erect  position,  as  slRnvn 
in  the  accompanying  figure:  a  column  of 
mercury  about  30  inches  high  remains  sup- 
ported in  the  tube  by  the  pressure  of  the 
atmosphere  upon  the  surface  of  the  mercury 
in  the  cup.  The  space  in  the  upper  part  <^ 
the  tube  Is  a  vacuum.     *,. 
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This  remarkable  experiment  was  first  made  by  Tarricelli,  who  was  a 
pupQ  of  the  celebrated  Galileo,  and  hence  it  has  been  called  the  Torri- 
ceilian  experiment, 

8.  The  average  pressure  of  the  air  is  15  lbs.  per  square 
inch. 

The  column  of  mcrcnry  which  balances  the  pressure  of  the  air  is  esti- 
mated from  o  to  n,  (see  Fig.  16 ;)  that  is,  it  is  equal  to  the  height  of  the 
mercury  in  the  tube  above  the  level  of  the  mercury  in  the  cup.  As  this 
column  of  mercury  balances  the  pressure  of  the  air,  so  therefore  the  weight 
of  the  mercury  in  the  tube  is  equal  to  the  pressure  of  the  air  upon  a 
surface  equal  to  the  internal  section  of  the  tube.  (See  Hydrostatics, 
Art.  16.)  For  example,  let  the  internal  section  of  the  tube  be  1  square 
inch,  and  the  height  of  the  column  of  mercury  o  n  30  inches;  then  there 
will  be  30  cubic  inches  of  mercury  in  the  tube ;  now,  1  cubic  inch  of 
mercury  weighs  very  nearly  half  a  pound ;  therefore  the  weight  of  the 
mercury  in  the  tube  will  be  16  poxmds ;  but  this  weight  of  mercury  bal- 
ances the  pressure  of  the  air  exerted  on  1  inch  of  sur&ce;  therefore  the 
pressure  of  the  air  upon  1  inch  of  surface  is  about  15  pounds. 

The  height  of  the  column  of  mercury  is  not  affected  by  the  size  of  the 
tube ;  for  if  the  section  of  the  tube  were  2  inches,  in  the  place  of  1,  the 
weight  of  the  mercury  would  be  doubled ;  but  the  pressure  of  the  air, 
in  this  case,  would  also  be  doubled,  inasmuch  as  it  %vould  act  upon  2 
inches  of  surface,  in  the  place  of  1. 

'  The  pressure  of  the  air  will  support  a  much  longer  column  of  water 
than  of  mercury ;  for  water  being  about  13^  times  lighter  than  merctiry, 
the  column  of  water  must  be  13i  times  the  length  of  the  cdumn  of 
mercury  to  produce  the  same  amoimt  of  pressure.  (See  Hydrostatics, 
Art.  26,  Exp.  2.)  Now,  we  have  seen  that  it  takes  about  30  inches  of 
mercury  to  balance  the  pressure  of  the  air ;  therefore  it  will  take  13^ 
times  30  inches,  or  about  34  feet  of  water,  to  balance  this  pressure ;  that 
is  to  say,  upon  an  average,  the  pressure  of  the  air  is  able  to  sustain  a 
column  of  water  34  feet  high.  Hence  it  is  that  water  cannot  be  raised 
higher  than  34  feet  by  the  common  pump. 

9.  The  pressure  of  the  atmosphere  on  our  bodies  is  essential  to  health ; 
for  it  counterbalances  the  pressure  of  the  fluids  within  us,  and  thereby 
gives  a  spring  and  elasticity  to  their  motion.  When  the  weight  of  the 
air  is  taken  away  from  any  part  of  our  bodies,  the  internal  pressure  of 
the  blood  causes  those  parts  to  swell  out ;  hence  it  is  that  persons  expe- 
rience an  unpleasant  seusation  when  they  ascend  a  high  mountain. 
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The  Barometer, 

10.  The  Tomcellifin  experiment  not  only  ejdiibits  the  principle  of  the 
barometer,  but  also  shows  the  manner  in  which  it  is  made.  It  has  been 
found  that  the  pressure  of  the  atmosphere  is  not  always  the  same ;  some- 
times it  will  support  a  column  of  mercury  equal  to  31  inches,  whereas 
at  other  times  it  will  only  support  a  column  of  28  inches.  Now,  the 
barometer  is  an  instrument  contrived  to  measure  the  weight  or  pressure 
of  the  air  at  any  time ;  in  order,  therefbre,  to  enable  us  to  see  the  height 
of  the  mercury  in  the  tube,  there  is  a  scale  placed  at  the  upper  end  n 
(see  Fig.  15)  giving  the  distance  from  the  surface  of  the  mercury  in 
the  cup. 

If  a  barometer  be  taken  to  the  top  of  a  mountun,  the  mercury  in  the 
tube  will  fall ;  because,  as  we  ascend  above  the  level  of  the  sea,  the  pres- 
sure of  the  atmosphere  becomes  less  and  less.  In  this  way  the  barometer 
is  sometimes  used  to  determine  the  height  of  taiountains.  It  is  also  used 
as  a  weather  gauge ;  for,  when  the  air  is  dense  and  heavy,  the  mcrcury 
in  the  barometer  stands  high ;  and  in  such  states  of  the  atmosphere  we 
generally  have  fine,  clear  weather ;  but,  on  the  contrary,  when  the  air 
becomes  rare  and  light,  the  mercury  in  the  barometer  falls,  and  then  we 
are  likely  to  have  rainy  or  stormy  weather. 

A  barometer  tube  is  sometimes  attached  to  air  pumps,  for  the  purpose 
of  indicating  the  degree  of  exhaustion  produced  in  the  receiver. 


The  Siphon. 

1 1 .  lliis  instrument  is  used  for  drawing  off  liquids  from  vessels  which 
it  would  be  inconvenient  to  move  from  the  place  where  they  stand.  It 
simply  consists  of  a  bent  tube  B  A  C  having  one  branch  A  B  longer  than 
the  other  one  A  C. 

Experiment,  —  Fill  the  bent  tube  BAG  with  wa- 
ter ;  place  a  finger  on  B,  and  another  on  0 ;  invert  the 
tube,  and  immerse  the  short  leg  in  the  water ;  take 
away  the  finger :  then  the  water  immediately  runs  in  a 
stream  from  the  orifice  B.  Hold  the  vessel  in  such  a 
position  as  to  bring  the  orifice  B  on  a  level  wdth  C : 
the  water  then  ceases  to  flow. 

The  principle  of  the  siphon  is  exceedingly  simple : 
the  column  of  water  A  B  being  longer,  and  of  course 
heavier,  than  the  column  A  C,  the  fluid  necessarily 
flows  in  the  direction  of  the  greater  pressure.  At  the 
same  time,  it  is  to  be  observed  that  the  pressure  of  the  atmosphere,  tend« 
ing  to  force  the  water  up  the  leg  C  A,  is  the  aEune  as  that  which  is  tend- 


Fig.  16. 


PNEUXATICS^ 


105 


ing  to  force  the  water  up  the  leg  B  A,  so  that  the  one  exactly  balances 
the  other,  and  therefore  the  water  is  left  to  descend  by  its  excess  of  grav- 
ity in  the  leg  A  B. 

Intermitting  'Springs. 

12.  The  principle  of  the  siphon  enables  us  to  explain  the  nature  of 
intermitting  springs,  or  those  springs  which  only  flow  at  stated  periods. 
A  D  £  represents  a  cavity  in  a  hill» 
which  becomes  gradually  filled 
with  water  from  the  rain  and  snow 
draining  through  the  porous  earth 
or  rocks ;  A  B  C  is  a  siphon-shaped 
fissure  proceeding  from  this  cavity ; 
as  the  uatcr  collects  in  the  cavity» 
it  rises  higher  and  higher  in  the  leg 
A  B  until  it  reaches  the  level  K  B, 
when  it  begins  to  flow  through  the 
kmg  leg  B  C;  and  as  the  water 
continues  to  rise  in  the  cavity,  the 
discharge  at  C  will  also  increase  until  the  water  flows  in  a  continuous  jet. 
Now,  on  the  principle  of  the  siphon,  the  water  will  continue  to  flow 
from  C  until  the  water  in  the  cavity  sinks  to  the  level  of  A  E,  when  the 
air  will  rush  into  the  siphon  ABC;  and  then  the  water  will  not  flow 
again  until  it  has  reached  the  level  K  B,  so  that  the  spring  \(-ill  appear 
to  have  regular  intervals  of  repose. 


Fig.  17. 


ELASTICITY   OP  THE   AIR. 

13.  This  property  of  the  air  has  already  been  explained  in  Hydro- 
statics, Art  4,  and  also  in  Exp.  1,  Art.  4,  of  the  present  treatise.  The 
following  simple  experiments  will  still  further  elucidate  the  subject. 

EXPEHIMENTS. 

Exp.  1.  Introduce  water  into  a  large,  wide-mouthed 
bottle ;  fit  a  small  glass  tube,  open  at  both  ends,  to  the 
mouth  of  this  bottle,  by  means  of  a  perforated  cork,  as 
afaown  in  the  figure;  blow  through  the  tube  so  as  to  in- 
croise  the  quantity  of  air  in  the  bottle :  after  withdrawing 
the  mouth  the  water  will  rise  in  a  jet,  owing  to  the  expan- 
sive force  of  the  condensed  air  in  the  bottle. 

Exp.  2.  Fig.  19,  A  is  a  two-necked  bottle  containing 
some  water ;  B  is  an  inflated  bladder  tied  to  one  of  the 
aunxths  of  thfi  bottle;  a  6  is  a  long  glass  tube  reaching  nearly 
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to  the  bottom  of  the  bottle;  this  tube  is  fitted  air-tight 
to  the  mouth  of  the  bottle  by  posdng  through  a  per- 
forated cork.  By  compressing  the  air  in  the  bladder 
the  water  ^ill  rise  up  the  tube,  from  the  elasticity  or 
pressure  of  the  condensed  air  in  the  bottle. 

Exp.  3.  The  following  instructiTe  experiment  affords 
an  amusing  iUustaition  of  the  elasticity  of  the  air,  aA 
well  asx>f  the  nature  of  specific  gravity.  Fig.  20,  A  is 
a  wide-mouthed  bottle,  nearly  filled  with  water,  in 
which  some  hollow  glass- figures  having  a  hole  in  one 
fi)Ot,  called  boUie  intpi,  are  placed  so  as  to  float  near 
the  surface  when  filled  with  air ;  a  piece  of  bladder  is 
tied  over  the  mouth  of  the  bottle  so  as  to  exclude  the 
external  air.  Press  the  bladder  with  the  fingers ;  the 
figures  descend  in  the  water ;  remove  the  pressure,  and 
they  ascend ;  and  so  on.  By  thus  alternately  raising 
and  depressing  the  fingers,  the  little  figures  may  be 
made,  as  it  were,  to  dance  up  and  down  the  fiuid. 
Here  the  pressure  on  the  bladder,  by  compressing  the 
air  beneath  it,  produces  a  pressure  on  the  surface  of 
the  water,  and  this  causes  a  small  portion  of  the  liquid 
to  enter  the  hollow  figures,  which  increases  their  spe- 
cific gravity,  and  in  this  case,  therefore,  they  descend ; 
on  the  contrary,  when  the  pressure  is  removed  from 
the  bladder,  the  air  within  the  figures  regains  its  ori- 
ginal bulk,  and  then  they  ascend.  On  this  principle 
fishes  are  enabled  to  rise  and  fall  in  the  water :  they 
have  a  little  air  bladder  within  their  bodies,  whidb 
they  contract  when  they  wish  to  descend,  and  expand  when  they  wish 
torise. 

Exp.  4.  Invert  a  small  bottle,  and  introduce  so  much 
water  as  will  just  cause  it  to  float  on  the  surface  of  the  fluid ; 
gently  depress  the  bottle  to  about  the  middle  of  the  water, 
without  allowing  any  of  the  air  to  escape :  the  bottle  sinks 
to  the  bottom,  where  it  will  remain.  In  feet,  the  bottle  wiU 
only  float  near  the  surface.  Here,  when  the  bottle  is  de- 
pressed, an  additional  portion  of  water  enters  it,  in  consequence  of  ttub 
increased  depth  of  the  fluid  ;  by  this  means  the  specific  gravity  of  th9 
bottle  is  increased,  and  hence  it  sinks. 

Exp.  5.   The  popgun  afibrds  a  good  illustratioil  of  the  elasddty  of 
the  air. 

14.  Tlie  elasticity  or  pressure  of  air  inoreasM  with  the 
decrease  of  the  space  which  it  is  forced  to  occupy. 


Fig.  20. 


Fig.  21. 


PXEC5IATICS. 


107 


In  order  to  explain  this  law,  let  P  rqiroscnt  a  piston 
compressing  the  air  in  the  cylinder  A  B  C  D ;  sup- 
Xiose  the  surface  of  the  piston  to  be  one  square  inch,  and 
that  the  atmosphere  exerts  a  pressure  of  15  lbs.  per 
square  inch ;  now  let  an  additional  load  or  pressure  of 
15  lbs.  be  laid  on  the  piston,  then  the  piston  will  de- 
scend to  a  6,  and  the  air  beneath  it  will  be  reduced  to 
one  half  its  original  volume  —  that  is  to  say,  aw  under 
a  pre$sure  of  two  atmospheres  is  reduced  to  one  half  its 
original  volume.  Again,  let  twice  Id  lbs.  be  laid  upon 
the  piston,  then  it  will  descend  still  farther,  and  the  air 
beneath  it  vdH  be  reduced  to  one  third  its  original 
space  —  that  is  to  say,  air  under  a  pressure  of  three  at" 
mospheres  is  reduced  to  one  third  its  original  space;  and  so  on.  Thus  tt 
appears  that,  as  we  increase  the  pressure  applied,  so  we  in  the  same  pro- 
portion reduce  the  space  occupied  by  the  air.  And  it  will  be  readily 
imdcrstood  that  the  pressure  which  compresses  any  portion  of  air  is  the 
measure  of  its  elasticity  or  tendency  which  it  has  to  expand. 

This  law  of  elasticity  was  first  proved  by  Marriottc,  m  the  following 
manner :  — 

Experiment,  Take  a  bent  tube  H  E  A  B  closed  at  B ; 
introduce  a  little  mercury,  so  as  to  make  it  stand  at  the 
same  level  E  A  in  both  legs  of  the  tube ;  let  the  space  A  B 
occupied  by  the  enclosed  air  be  divided  into  equal  parts ; 
pour  mercury  into  the  tube  until  the  volume  of  air  in  A  B 
is  reduced  to  C  B  ;  then  it  viiM  be  found  that  when  C  B  is 
one  half  A  B,  the  column  of  mercury  D  II  producing  this 
compression  is  about  30  inches  or  a  column  of  mercury 
which  balances  the  pressure  of  the  atmosphere;  that  when 
C  B  is  one  third  A  B,  or  when  the  volume  of  air  is  reduced 
three  times,  the  column  of  mercury  D  H  is  twice  30  inches, 
and  so  on ;  thereby  proving  the  law  of  elasticity  just  ex- 

Fig.TZ* 
Variation  in  the  Density  of  Oie  Air, 

15.  It  has  been  already  mentioned,  Art.  10,  that  as  we  rise  above  the 
earth's  sur&co  the  air  becomes  thinner  and  thinner,  or  less  and  less  dense 
this  is  a  necessary  consequence  of  the  law  of  elasticity.  The  follow- 
ing remarkable  relation  between  the  density  of  the  air  and  its  height 
above  the  level  of  the  sea  deserves  to  be  especially  noticed :  'as  the  deva* 
tioa  above  the  level  of  the  sea  increases  in  arithmetical  progression,  the 
density  or  pressure  of  the  air  decreases  in  geometrical  progression.  Thusr 
if  the  pcesBure  of  the  air  at  the  level  of  the  sea  be,  on  an  average,  15  lba» 
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per  square  inch,  then  at  the  height  of  about  3i  mil<.*s  «  it  has  a  preesureof 
i  of  15  lis. ;  at  the  height  of  2  times  ^  miles  it  has  a  pressure  of  1  of  Id 
lbs. ;  at  the  height  of  3  times  Si  miles  it  lias  a  prcssiu*e  of  i  of  15  lbs. ; 
and  so  on.  It  will  be  seen  that  for  every  successive  3i  miles  which  we 
ascend,  the  pressure  of  the  air  is  always  the  lialf  of  what  it  is  at  the  pre- 
ceding elevation.  This  law  would  be  strictly  true,  if  the  atmosphere 
were  every  where  of  the  same  temperature  and  coataiiied  the  same  quan* 
tity  of  moisture* 

Bdalions  of  Air  to  Heai. 

16.  When  a  body  is  heated,  it  expands  or  becomes  greater 
in  bulk ;  in  this  way,  heat  rarefies  bodies^  and  causes  them  to 
become  specifically  lighter. 

Elastic  fluids,  such  as  air,  are  more  susceptible  of  this  action  of  heat 
than  either  solids  or  liquids.  The  air  over  a  conmion  fire  becomes  rare* 
iicd  by  the  heat,  and  being  thus  rendered  specifically  lighter  than  the 
surrounding  atmosphere,  it  ascends  up  the  chimney,  and  its  place  is 
supplied  by  the  current  of  air  which  rushes  towards  the  fireplace  from 
all  parts  of  the  room,  especially  from  the  opening*,  or  apertures  in  vin- 
dows  and  doons.  Thus  a  fire  creates  an  artificial  wind.  On  the  same 
prijiciple,  the  unequal  distribution  of  heat  over  the  earth  produces  on  a 
great  scale  the  various  currents  of  air  or  Nvinds,  which  are  every  where  icit. 

17.  The  foUmvmg  simple  experiments  \i-ill  render  this  property  of  air 
more  apparent. 

EXPEBIMEXTS. 

Exp.  1.  Partially  fill  a  bladder  with  air,  and  after  tying  its  mouth, 
place  it  near  a  good  fire :  the  air  within  the  bladder  expands  and  com- 
pletely fiUs  it. 

Exp*,  2.  Invert  a  wine  glass  in  a  basin;  gently 
pour  hot  water  into  it :  bubbles  of  air  escape  from 
the  wine  glass,  in  consequence  of  the  expansion 
of  the  air  by  the  heat. 

Exp.  3.  Throw  a  piece  of  bunung  paper  into  a 
wine  gla^,  and  while  the  paper  is  still  burning, 
forcibly  close  the  mouth  of  the  glass  -with  the 
hand ;  after  a  few  seconds,  the  glass  will  be  found  Fig,  24. 

to  stick  to  the  hand  with  connderable  force. 
Here  the  heat  expels  nearly  the  whole  of  the  air  in  the  glass,  by  cansing 
it  to  expand  *  after  the  air  in  the  glass  cools,  it  contxactSy  and  then  tha 

*  More  exactly,  3.42  miles. 
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pressure  of  the  external  air  upon  the  outside  of  the  glass 
bceomes  greater  than  the  pressure  of  the  rarefied  air  ^lithin 
the  glass. 

Exp,  4.  Cut  a  piece  of  paper  in  the  form  of  a  spiral, 
as  in  Fig.  26 ;  run  a  thread  through  the  centre  c;  sus- 
pend the  paper  hy  this  thread,  and  it  will  have  some- 
thing like  the  form  of  a  corkscrew ;  bring  it  over  the 
flame  of  a  candle :  the  suspended  paper  turns  round  in  one 
certain  direction.  Here  the  heated  air  about  the  candle 
ascends,  and  by  striking  against  the  surface  of  the  paper, 
causes  it  to  revolve  on  the  same  pruiciiile  as  a  toy  wind- 
milL  I 

The  Exhausting  and  Condensing  Syringe, 

Fi0,  2C. 

18.  This  instrument  is  used  for  two  pur-  

pores,  viz.,  for  exhausting  air  from  a  vessel, 
and  nl«o  for  compressing  air  into  a  vessel.  A 
section  of  this  instrument  is  represented  in 
the  accompanying  figure.    P  is  a  solid  piston,    ;  ^t^^ 

woiking  air  tight  in  a  cyHndcr:  P  S  is  the   \  /"is  *^ 

piston  rod,  working  through  an  air  tight  collar      ^ —         ^        ' 
S,  so  that  as  the  piston  rod  moves  up  and 
down  through  this  collar,  no  air  shall  be  al- 
lowed toixiss  thitJugh  it  into  the  cylinder  ;  V 
is  a  valve,  or  little  door,  opening  outwards ;  Fig.  27. 

O  is  an  open  aperture  leading  to  the  vessel 

A,  from  which  air  is  to  be  exhausted.  Let  us  now  see  how  this  in- 
strument exhtutsta  the  air  from  vessels.  First  of  all,  the  piston  P  is 
drawn  to  the  top  of  the  cylinder,  then  the  glass  globe  A,  having  a  stop 
cock  B  attached  to  it,  is  screwed  on  to  the  pipe  O,  and  the  stop  cock  B 
is  opened.  The  instrument  being  in  this  state,  force  down  the  piston ; 
then  the  air  beneath  it  is  driven  out  of  the  cylinder,  through  the  valve 
V,  while  the  air  in  the  globe  expands  and  fills  the  upper  part  of  the  cyl- 
inder. Raise  the  piston ;  then  the  valve  V  is  closed  by  the  pressure  of 
the  external  air,  and  a  vacuum  is  formcc^ beneatli  it;  but  the  moment 
the  piston  P  passes  the  orifice  O,  the  air  rushes  from  the  bottle  and  fills 
up  the  void  fonned  in  the  cylinder.  When  the  piston  is  forced  down 
again,  a  quantity  of  air,  equal  to  the  volume  of  the  cyUnder,  is  again 
driven  out ;  so  that  after  this  operation  has  been  repeated  for  about  a 
dozen  times,  the  air  in  the  botUe  becomes  so  attenuated  or  rarefied,  cs 
almost  to  approach  a  vacuum.  After  the  exhaustion  is  completed,  the 
cock  B  is  closed,  and  the  globe  is  unscrewed  from  the  oylinder. 
10 
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Let  us  now  see  hofw  the  mstnunent  acts  as  a  eondenter  of  air.  First 
of  all,  the  piston  P  is  drawn  to  the  top  of  the  cylinder ;  then  the  bottle 
A,  into  which  the  air  is  to  be  compressed,  is  screwed  on  to  the  pipe  Q, 
the  pipe  O,  in  this  case,  being  left  completely  open.  Force  down  the 
piston ;  then  the  air  beneath  it  is  driven  through  the  valve  Y  into  the 
bottle.  Kaise  the  piston ;  then  a  vacuum  is  formed  beneath  it,  but  at 
the  same  time  the  valve  V  is  kept  shut  by  the  pressure  of  the  air  in  the 
bottle,  so  that  no  air  can  escape  &om  it ;  now  the  moment  the  piston  P 
passes  the  orifice  O,  the  external  air  rushes  into  the  cylinder  and  fills  it. 
In  the  next  downward  stroke,  the  air  beneath  the  piston  is  again  forced 
into  the  bottle ;  so  that  at  every  downward  stroke  a  quantity  of  air, 
equal  in  volume  to  the  cylinder,  is  forced  into  the  bottle.  When  the 
air  has  been  sufficiently  condensed,  the  cock  B  is  closed,  and  the  bottle 
is  unscrewed  from  the  cylinder.  The  bottles  used  for  holding  condensed 
air  are  usually  made  of  metal. 


ne  Air  Pump. 

19.  The  air  pump  is  used  for  withdrawing  the  air  ixoiik  large  glaai 
vessels,  called  receivers,  in  which  experiments 
are  performed.  The  accompanying  figure 
represents  a  common  air  pump,  with  a  single 
barrel.  P  is  a  piston,  working  air  tight  in 
the  barrel  or  cylinder  II  e ;  this  piston  has 
a  valve,  or  little  door  in  it,  opening  up- 
wards, which  allows  the  air  to  escape  out- 
wards, but  does  not  allow  any  air  to  pass 
inwards ;  Y  is  a  valve,  placed  at  the  bottom 
of  the  cylinder,  w^hieh  also  lifts  upwards; 
0  D  £  O  is  a  pipe,  which  connects  the  cylin- 
der with  a  flat,  polished  plate  B,  on  which 
the  receiver  A  stands;  the  bottom  of  this 
receiver  is  groimd  flat,  so  that  it  may  fit  per- 
fectly air  tight  to  the  plate  when  a  little  bird 
is  rubbed  over  it ;  K  is  a  stop  cock ;  e  is  a 
nut,  which,  being  unscrewed,  %llows  the  ex- 
ternal air  to  enter  the  receiver ;  N  M  is  the 
mercury  gauge  for  indicat&ig  the  degree  of  exhaustion  produced  in  the 
receiver  A ;  this  gauge  acts  on  the  same  principle  as  the  Torricelliaa 
tube.    (Sec  Ait.  10.) 

Let  us  now  see  how  the  pump  acts.  The  receiver  A,  from  which  the 
air  is  to  be  withdrawn,  being  carefully  placed  upon  the  plate  with  a 
little  clean  lard  rubbed  upon  it,  the  stop  cock  K  is  opmed,  and  the  nut 
#  is  screwed  tightly  up.    The  instrument  being  in  this  statc^  the  pistca 


Fig.  28. 
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P  is  worked  rapidly  up  and  down,  until  a  sufficient  degree  of  exhaus- 
tion is  produced  in  the  receiver,  which  is  always  sliown  by  the  height 
N  M  at  which  the  merciury  stands  in  the  gauge ;  the  stop  cock  K  is 
then  closed  in  order  to  cut  off  any  further  commuuieaiion  with  the 
pump.  At  each  downward  stroke  of  the  piston,  the  valve  in  it  opens, 
allowing  the  air  beneath  it  to  escape,  while  the  valve  V  is  closed ;  on 
the  contrary,  at  each  upward  stroke,  the  valve  in  the  piston  is  closed  by 
the  pressure  of  the  external  air,  while  the  air  in  the  receiver  lifts  up  the 
valve  Y,  and  fills  up  the  vacuum  which  would  otherwise  be  formed  be- 
neath the  piston.  Thus  a  certain  portion  of  the  air  remaining  in  the 
receiver  is  always  withdrawn  at  every  double  stroke,  so  that  by  contin- 
uing the  process,  the  air  in  the  receiver  at  length  becomes  so  rarefied  as 
almost  to  approach  a  vacuum. 

To  show  the  use  of  the  gauge,  let  us 
suppose  that  the  coltmm  of  mercury  in 
the  barometer  stands  at  the  height  of  30 
inches,  and  that  the  column  M  N  in  the 
gauge  is  28  inches ;  then  the  deficiency,  2 
inches,  is  due  to  th6  elasticity  of  the  air  in 
the  receiver ;  and,  therefore,  since  2  is  the 
1^  port  of  30,  the  elasticity  of  the  air  in 
the  receiver  will  be  the  ^  part  of  the  elas- 
ticity of  the  external  air. 

20.  In  order  to  facilitate  the  exhaustion, 
air  pumps  are  usually  made  with  two  cyl- 
inders, so  that  while  one  piston  is  ascend- 
ing, the  other  is  descending,  and  thus  the 
process  of  cxhaixstion  is  continually  kept 
up.  The  pistons,  in  these  pumps,  are 
moved  by  a  toothed  wheel,  which  is  made 
to  act  upon  racks  formed  upon  the  piston 
rods.  The  accompanying  figure  represents 
an  air  pump  of  this  kind,  a  and  e  are  the 
two  barrels ;  r  and  II  the  racks  formed  on 
the  piston  rods ;  H  is  the  handle  or  winch, 
which  gives  motion  to  the  toothed  wheel 
placed  bet^'een  the  racks,  so  that  a  back 
and  forward  motion  being  given  to  this 
handle,  an  up  and  down  motion  is  commu- 
nicated to  the  pistons ;  A  w  the  receiver, 
standing  on  the  plate  B  ;  T  is  a  table,  on 

which  the  machine  is  fixed ;  £  £  are  the  pillars  supporting  the  plate  B ; 
H  is  the  merctiry  gauge ;  and  lo  on  to  the  other  parts  of  th«  machine^ 
u  alxsady  dwedUd. 
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Fig,  30. 


Fig.  81. 


Experiments  rsiiFonMED  ttith  the  Air  Fuxp. 

Exp,  1.  To  fasten  the  hand  to  a  glass  by  means  of 
the  atmospheric  pressure.  A  B  is  a  small  glass,  open 
at  both  ends,  about  3  inches  diameter.  Place  this  glass 
over  the  hole  of  the  air  pump  plate;  lay  your  hand 
tightly  over  the  top  A ;  turn  the  handle  of  the  pump 
for  a  few  times:  the  hand  becomes  fastened  to  the 
glass  by  the  pressure  of  the  air. 

Exp.  2.  To  burst  a  bladder  by  the  pressure  of  the 
atmosphere.  Tie  a  piece  of  thin  bladder,  moistened  in 
ivater,  over  one  end  of  the  glass  used  in  the  last  experiment ; 
after  the  bladder  has  become  dry,  it  will  be  perfectly  tight. 
Place  the  glass  on  the  pUte  of  the  air  pump;  then,  after  a 
few  turns  of  the  handle,  the  bladder  will  burst  with  a  loud 
report,  from  the  pressure  of  the  atmosphere. 

Exp.  3.  A  and  B  arc  two  brass  cups,  called  Magdehourg 
hemispheres,  which  exactly  Ht  each  other  at  the  edges,  so 
that  when  they  are  brought  together  they  form  a  sphere ;  C 
is  a  pipe,  with  a  stop  cock  leading  into  the  interior  of  the 
cup  B.  Put  a  little  lard  on  the  edges  of  the  cups,  and  bring 
them  together,;  screw  them  by  means  of  C  to  the  plate  of 
the  air  pump ;  exhaust  the  air  from  the  inside ;  turn  the 
stop  cock  C,  and  unscrew  them  from  the  pump ;  screw  the 
handle  D  on  at  C :  the  cups  being  now  pressed  together  by 
the  atmospl^ere,  will  require  a  considerable  f(»-ce  to  separate 
them. 

Supposing  the  air  to  be  completely  exhausted  from  the 
inside  of  the  cups,  and  that  their  section  contains  10  square 
inches ;  then  the  atmospheric  pressure  on  each  square  inch 
will  be  about  15  lbs.,  and  therefore  the  whole  pressure  of  the 
atmosphere,  tending  to  keep  the  cups  together,  will  be  10 
tunes  lo  lbs.,  or  150  lbs.  In  this  case,  therefore,  it  would  require  a 
weight  of  150  lbs.  to  separate  the  cups. 

Exp,  4.  Tie  the  mouth  of  a  little  flaccid  bladder ;  place  it  beneath 
the  receiver  of  an  air  pump ;  exhaust  the  air  fit)m  the  receiver :  the  air 
within  the  bladder  gradually  expands  (the  pressure  of  the  air  within 
the  receiver  being  removed)  until  the  bladder  becomes  completely  dis- 
tended ;  allow  the  external  air  to  enter  the  receiver  by  tuniing  the 
ccrew  K,  (see  Fig.  28  :)  the  bladder  becomes  shrivelled  up  as  at  first. 

Exp.  6.  Put  a  glass  bulb  B,  blown  at  the  end  of  a  tube,  into  a  bottle 
of  water,  as  shown  in  the  figure ;  place  them  beneath  the  receiver  of 
the  air  pump;  exhaust  the  air  frxnn  the  receLyar ;  then,  as  the  exhaustion 
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goes  on,  the  air  in  the  bulb  will  rise  in  bubbles  through  the 
water,  so  that  the  air  in  the  bulb  will  become  rarefied,  as  well 
88  that  which  is  in  the  receiver.  When  the  bubbling  has 
ceased,  allow  the  external  air  to  enter  the  receiver  :  the  water, 
ftom  the  atmospheric  pressure,  rushes  into  the  bulb,  and 
nearly  fills  it. 

Exp.  6.  A  small  bottle  containing  a  bubble  of  air  is  sunk  in 
a  deep  vessel  filled  with  water,  as  in  the  accompanying  figure ;  >|  " 
place  the  vessel  beneath  the  receiver  of  the  air  pump,  and  ex- 
haust the  air :  the  bottle  rises  in  the  water ;  allow  the  air  to 
enter  the  receiver :  the  bottle  sinks  to  the  bottom ;  and  so  on. 
For  an  explanation  of  this  experiment,  see  Exp.  3,  Art.  13. 

Exp.  7.  A  represents  a  receiver,  open  at  the  top,  but  which  Baa^asi 
is  cbsed  air  tight  by  the  perforated  cork  A,  and  barometer  tube  ^* 
ab;  e  is  a  cup  of  mercury,  into  which  the  open  extremity 
of  the  tube  a  b  nearly  dips.  Exhaust  the  air  from  the 
receiver ;  depress  the  tube  a  6,  so  that  its  extremity  may  be 
immersed  in  the  mercury ;  allow  the  external  air  to  enter 
the  receiver :  the  mercury  mounts  up  the  tube  a  b  very 
nearly  to  the  height  of  30  inches. 

This  experiment  clearly  shows,  that  mercury  is  sustained 
in  the  barometer  tube  by  the  pressure  of  the  atmosphere 
alone,  and  not  by  any  imaginary  principle,  such  as  auction 
or  nature's  horror  of  a  vacuum,  as  the  ancient  philosophers 
«upposed.    (See  Art.  10.) 

Exp.  8.  The  accompanying  figure  represents  a  piece  of 
apparatus  for  producing  a  fountain  in  a  vacuum,  A  brass 
pipe  a  e  passes  through  a  smooth  plate  B ;  this  pipe  has  a 
stop  cock  at  C,  and  a  jet  at  its  upper  extremity  e;  R  is  a 
tall  glass  receiver,  standing  on  the  plate  B,  from  which  the 
air  may  be  withdrawn  by  screwing  the  extremity  a  of  the 
pipe  into  the  hole  of  the  air  pump  plate.  When  the  air 
has  been  iivithdrawn  from  the  receiver  R,  it  becomes  fixed 
to  the  plate  B  ;  the  stop  cock  C  is  then  closed,  and  the  ap- 
paratus* is  unscrewed  from  the  pump.  Now  plunge  the 
extremity  a  of  the  pipe  into  a  vessel  of  water ;  open  the 
cock  C :  the  water  rises  in  a  beautiful  jet  within  the  receiver. 

Exp.  9.  To  transfer  a  liquid  from  one  hot-  <* 
tie  to  another.  The  bottle  A  contains  some 
colored  liquid;  the  bent  tube  A  a  6  B, 
reaching  nearly  the  bottom  of  the  bottles,  is 
fitted  air  tight  to  the  neck  of  the  bottle  A, 
but  passes  freely  through  the  neck  of  the 

10  •  fVy.87. 
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Other  one.  Place  this  apparatus  tinder  the  receiver  of  the  air  pump,  and 
exhaust  the  air :  the  liquid  passes  from  A  to  B,  from  the  elasticity  of 
the  air  in  the  fermer.  Now  admit  the  air  into  the  receiver :  the  liquid 
returns  to  the  bottle  A. 

Exp,  10.  Place  a  shrivelled  apple  beneath  the  reodver  of  the  air 
pump ;  exhaust  the  air :  the  apple  gradually  becomes  plump  and  rounded, 
from  the  expansion  of  the  air  within  it.  Admit  the  air  into  the  receiver : 
the  apple  becomes  shrivelled  up  as  at  first. 

Exp,  11.  Place  a  glass  of  beer  beneath  the  receiver;  exhaust  the  air 
ftom  it :  the  beer  foams  up  and  appears  quite  brisk,  from  the  escape  of 
carbonic  acid  gas  which  is  in  it.  Now  admit  the  air  into  the  rocdTcr; 
the  bubbling  ceases,  and  the  beer  appears  flat  and  dead. 

Exp,  12.  To  show  that  air  is  contained  in  the  pores  of  solid  sub-^ 
stances.  Put  a  piece  bf  beet  root,  or  any  porous  substance,  into  a  vessel 
of  water,  and  place  it  beneath  the  receiver  of  the  air  pump ;  then,  upon 
exhausting  the  receiver,  the  beet  root  becomes  covered  with  little  globules 
of  air,  which  at  once  disappear  when  the  external  air  is  readmitted  into 
the  receiver. 

Exp,  13.  The  prtssurc  of  the  atmosphere  will  force  mercury  through 
the  pores  of  wood.    The  metal  plate  o  a  is  made  to  fit  the 
top  of  a  receiver ;  this  plato  has  a  hole  passing  through  >l^^n^ 

it,  into^'hich  is  fitted  a  wooden  cup  6.    Place  the  plate  ^  ^^Iw®* 
and  cup  upon  the  top  of  the  receiver ;  fill  the  cup  h  with         vi^^ 
mercury,  and  exhaust  the  air  from  the  recdvcr :  a  fine      Fig,  36. 
shower  of  mercury  falls  into  the  receiver. 

Exp,  14.  In  highly  rarefied  air,  a  feather  falU  as  quickly  as  a  gmnea^ 

A  is  a  long  receiver,  placed  upon  the  plate  of  the  air 
pump ;  a  is  a  metal  plate  covering  the  top  of  the  receiver ; 
<  «  are  two  flaps,  suspended  from  the  plate  a,  on  which  the 
feather  and  coin  are  laid;  the  wire  r  passes  through  the 
plate,  and  carries  a  stage,  with  two  notches  in  it,  at  the  lower 
end,  for  supporting  the  flaps.  Having  turned  up  the  flaps, 
place  the  feather  and  coin  upon  them ;  exhaust  the  air  from 
the  recover;  turn  the  wire  r  until  the  flaps  slip  down 
through  the  notches  in  the  stage ;  the  feather  and  the  coin 
drop  at  the  same  instant,  and,  falling  with  equal  vdocities, 
they  reach  the  bottom  of  the  receiver  in  the  some  time. 

Exp,  15.  Air  resists  the  motion  of  machinery.  Here  a 
and  h  are  two  wheels  of  the  same  size,  turning  on  separate 
axes ;  but  the  vanes  of  a  cut  the  air  edgewise,  while  the 
Tones  of  b  strike  it  breadthwise ;  by  suddenly  raising  or  depressing  the 
rod  d  e,  a  rapid  .rotatory  morion  is  given  to  the  two  wheels ;  this  rod 
panes  through  an  air  tight  stuffing  box  e,  pbced  at  the  top  of  the 


Fig,  39. 
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receiTer  K.  Let  motion  be  given  to  the  wheels 
when  the  receiver  contains  air :  the  wheel  b  stops 
much  sooner  than  a.  Now  exhaust  the  receiver, 
and  then  set  the  wheels  in  motion ;  the  wheels 
continue  to  move  for  a  much  longer  time  than 
they  did  in  the  air ;  and  moreover  they  stop  at 
the  same  instant. 

Ej^.  16.  Smoke  falls  in  rarefied  air.  Blow 
out  a  candle,  and  put  it  under  a  receiver ;  the 
smoke  rises  to  the  top.  Partially  exhaust  the 
air  from  the  receiver;  the  smoke  descends  in 
the  fluid  spedfically  lighter  than  itself. 

Exp.  17.  Weighed  in  t^e  air,  an  ounee  of 
cork  is  heavier  than  an  ounce  of  lead.  Balance  a  piece  of  cork  and 
lead  in  a  small  pair  of  scales;  place  them  beneath  the  receiver,  and 
exhaust  the  air ;  the  scale  on  which  the  cork  is  put  plainly  preponder- 
ates. This  shows  that  the  air  exerts  a  greater  force  of  buoyancy  on  the* 
cork  than  it  does  on  the  lead. 

Exp.  18.  Sound  is  not  transmitted  through  highly  rarefied  air.  To 
show  this  important  fact,  a  bell  must  be  placed 
upon  some  bad  conductor  of  sound,  such  as 
wool  or  horse  hair,  to  separate  it  from  the  plate 
of  the  air  pump ;  and  the  apparatus  must  be  so 
contrived  that  the  clapper  can  be  made  to  strike 
the  bell  inthout  allowing  the  external  air  to 
enter  the  exhausted  receiver.  In  the  accompa- 
nying figure,  R  represents  the  receiver ;  a  the 
bell,  standing  on  the  horse  hair  cushion  g;  eb 
the  clapper,  which  may  be  agitated  by  the  lever 
A,  attached  to  the  rod  A  A,  passing  through  the 
stuffing  box  8  at  the  top  of  the  receiver.  Before  . 
the  air  is  withdrawn  from  the  receiver,  let  the 
clapper  be  agitated,  to  show  that  the  sound  of 
the  bell  is  distinctly  transmitted  through  the  air  in  the  receiver.  Now 
let  the  air  be  exhausted,  and,  during  the  process,  let  the  clapper  be  agi- 
tated from  time  to  time ;  the  sound  becomes  more  and  more  feeble,  until 
it  ceases  altogether. 

Exp.  19.  Water  boils  at  a  much  lower  temperature  in  rarefied  air. 
Place  some  hot  water  beneath  the  receiver,  and  exhaust  the  air :  the 
water  boils  violently.  Admit  the  air  into  the  receiver ;  the  ebullition  in 
a  moment  ceases ;  and  so  on. 

Hence  it  is  that  water  boils  at  a  much  lower  temperature  at  the  top 
of  a  mountain  than  it  does  at  the  level  of  the  sea. 
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Fig.  42. 


PNEUMATIC  AND  HYDRAULIC   MACHINES. 

The  Common  Pump. 

21.  The  accompanying  figure  represents  a  section  of  the  common 
suction  puinp.  A  C  is  a  cylinder  or  barrelr  in 
which  a  piston  P  is  moved  up  and  down  by 
means  of  a  piston  rod  R,  attached  to  the  ex- 
tremity of  the  IcTcr  R  H  of  the  first  kind.  In 
the  piston  is  a  valvte  v  lifting  upward* ;  and  at 
the  bottom  of  the  barrel  is  another  valve  V,  also 
Ufting  upwards,  A  B  is  a  pipe,  passing  from 
the  bottom  of  the  barrel  into  the  well  from  which 
the  water  is  to  be  raised. 

The  first  efiect  of  the  motion  of  the  ]»8ton  is 
to  clear  the  barrel  and  pipe  of  air ;  at  the  first 
upward  stroke  of  the  piston,  the  air  in  the  pipe 
A  B  expands  and  enters  the  barrel,  and  being 
thus  rarefied,  exerts  less  pressure  upon  the  water 
in  the  pipe ;  the  consequence  is,  that  the  pressure 
of  the  external  air  forcea  a  portion  of  water  into 
the  pipe.  Now,  in  the  dov(7iward  stroke  of  the  piston,  the  ^alve  V 
closes,  while  v  opens  and  albws  the  air  in  the  barrel  to  escape,  so  that 
there  is  now  a  much  less  quantity  of  air  in  the  pipe  than  there  was  at 
first;  at  the  second  upward  stroke,  therefore,  the  air  in  the  pipe  is  still 
further  rarefied,  and  thus  an  additional  quantity  of  water  is  raised  in 
the  pipe  by  the  pressure  of  the  external  air ;  proceeding  in  this  manner, 
after  a  few  strokes,  the  water  is  raised  into  the  barrel,  and  then  another 
kind  of  action  takes  place. 

In  a  downward  stroke  of  the  i»ston,  it  plunges  amongst  the  water  in 
the  barrel  of  the  pump;  the  valve  V  closes,  and  the  valve  v  opens^  and 
allows  the  water  to  pass  to  the  upper  side  of  the  piston.  In  an  upward 
stroke,  the  valve  v  closes,  and  the  valve  V  opens,  and,  by  the  pressuro 
of  the  atmosphere,  the  water  follows  the  piston  in  its  ascent,  whcrott 
the  water  above  the  piston  is  pushed  before  it,  and  thus  the  fluid  is  dis- 
charged in  a  stream  at  the  mouth  C  of  the  pump ;  and  so  on  to  miy 
number  of  strokes. 

If  a  perfect  vacuum  were  formed  by  the  i»ston  as  it  ascends,  the  water 
would  be  raised,  on  an  average,  to  the  height  of  34  feet  above  the  levd 
of  the  water  in  the  well,  which  is  the  height  of  a  column  of  water  cal- 
culated to  balance  the  average  pressure  of  the  atmospbera. 
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Fij,  43. 


Hie  Common  Forcing  Pump. 

22.  This  pump  toises  water  fixnn  the  well  into  the  barrel,  on  the  prin- 
ciple of  the  suction  pump  just  described,  and  then 

the  pressure  of  the  piston  on  the  water  elevates  it 
to  any  height  that  may  be  required. 

Here  P  is  a  solid  piston,  working  up  and  dotMi 
in  *&  barrel ;  V  a  valve,  lilting  upwards,  placed  at 
the  top  of  the  pipe  descending  into  the  well ;  v  a 
valve,  also  lifting  upwards,  pJaced  in  a  pipe  D, 
which  conveys  the  water  to  the  cistern. 

In  a  descending  stroke  of  the  piston,  the  valve  V 
closes,  and  the  vulve  v  opens,  and  the  water,  being 
pressed  before  the  piston,  is  forced  up  the  piixs  D  to 
the  higher  level  required ;  on  the  contrary,  in  an 
ascending  JBtroke,  the  valve  v  closes  by  the  pressure  of  the  external  air 
and  the  water  in  the  pipe  D  ;  the  ralve  V  opens,  and  the  water  rises  into 
the  barrel  of  the  pump  by  the  pressure  of  the  atmosphere  on  the  water 
in  the  well ;  and  so  on  to  any  number  of  strokes. 

The  Forcing  Pump  with  cm.  Air  Chamber. 

23.  This  engine  merely  differs  from  the  preceding  one  by  having  an 
air  chamber  ecv  connected  with  the  vertical  pipe  D. 
This  air  chamber  is  a  closed  vessel,  having  the  pipe 
D  descending  into  it,  and  a  valve  v  opening  and 
closing  its  communication  with  the  barrel  of  the 
pump.  When  the  piston  P  descends,  the  water  is 
forced  through  the  valve  v  into  the  air  chamber,  so 
that  as  soon  as  the  water  rises  above  the  lower  ori- 
fice of  the  pipe  D,  the  air  in  the  upper  part  of  the 
chamber  is  contracted  or  compressed ;  and  this  com- 
pression of  the  air  causes  it  to  exert  a  continuous 
pressure  upon  the  surface  of  the  water  in  the  cham- 
ber, which  forces  the  fluid  up  the  pipe  D,  and  thus  a  constant  discharge 
into  the  cietcm  is  sustained.  In  the  common  forcing  pump,  the  water 
is  only  discharged  at  each  downward  stroke  of  the  piston,  whtreas,  in 
the  present  case,  the  pressure  of  the  air  in  the  chamber  sustains  the  dis- 
charge through  the  vertical  pipe  D,  during  the  intervals  taken  up  by 
the  upward  strokes  of  the  piston. 

The  great  defect  of  this  engine  is  as  follows :  after  the  pump  has  been 
some  time  in  action,  the  air  in  the  chamber  becomes  absorbed  by  the 
water  passing  through  it,  so  that  at  length  it  is  found  that  nearly  all  the 
air  at  first  in  the  chamber  has  passed  away  with  the  water  discharged 
by  the  pump. 
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DovhU-^tcting  Pump. 

24.  This  pump  is  designed  to  remedy  the  defect  of  the  preceding  one. 
It  is  simply  a  double-acting  forcing  pump,  similar  in  its  construction  to 
that  described  in  Art.  22.  P  is  a  solid  piston,  which 
moves  up  and  down  in  a  cylinder;  the  rod  of  this 
piston  passes  through  a  stuffing  box  at  S  for  the  pur- 
pose of  keeping  the  cylinder  air  tight.  On  the  op- 
posite sides  of  the  cylinder  are  two  pipes,  A  B  and 
C  D  ;  where  A  B  descends  into  the  well,  and  C  D 
conveys  the  water  to  the  reservoir.  There  are  four 
valves,  a,  b,  e,  e,  opening  and  closing,  as  the  case 
may  be,  the  communication  of  these  pipes  with  the 
cylinder.  These  valves  all  Uft  in  the  same  direction, 
that  is,  to  the  right  Suppose  the  cylinder  and 
pipes  filled  with  water ;  then,  in  an  upward  stroke 
of  the  piston,  the  valves  a  and  e  ore  opened,  and  o 
and  b  are  closed ;  the  water  is  forced  by  the  piston 
through  the  valve  e.  and  then  up  the  vertical  pipe 
C  D  ;  at  the  same  time  the  water,  by  the  atmosphcris 
pressure,  rises  up  the  pipe  A,  and  opening  the  valvs 
a,  follows  the  piston  in  its  ascent :  on  the  contrary,  when  the  piston 
descends,  the  valves  a  and  e  are  closed,  and  c  and  b  are  opened ;  the 
ivater  is  then  forced  through  the  valve  c,  up  the  vertical  pipe  C  D,  and 
the  water  from  the  well  enters  the  cylinder  through  the  valve  6,  and  fol- 
lows the  piston  in  its  descent ;  and  so  on  to  any  number  of  strokes. 


Fig.  45. 


The  Fire  Engine. 


25.  This  engine  is  simply  a  comlnna- 
tion  of  two  forcing  pumps,  having  a 
common  air  chamber,  H,  and  the  same 
suction  pipe  F  descending  to  the  water 
intended  to  supply  the  engine.  (See 
Art.  22.)  The  beam  A  B,  turning  on 
its  centre  of  motion  K,  works  the  two 
pistons  C  and  D ;  so  that  while  the  one 
is  descending,  the  other  is  ascending, 
thereby  keeping  up  a  continuous  flow  of 
water  into  the  air  chamber  II.  A  flex- 
ible tube  c  L  of  Icnthcr,  called  o  hoact  is 
attached  to  the  discharge  pipe,  to  cnaUe 
the  engineer  to  direct  the  stream  of  water 
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upon  any  particular  spot.  The  degree  of  compression  attained  by  the 
air  in  the  chamber  regulates  the  velocity  with  which  the  water  is  pro- 
jected from  the  nozzle  L  of  the  hose. 

If,  for  example,  the  a'r  be  compressed  to  one  half  its  original  bulk, 
then  it  will  act  upon  the  surface  of  the  water  in  the  chamber  >vith  a 
pressure  equivalent  to  that  of  the  atmosphere,  and  the  water  would  be 
raised  in  the  pipe  e  to  the  height  of  aboiit  34  feet,  or  it  would  be  pro- 
jected from  the  nozzle  L  with  a  velocity  equal  to  that  which  a  body 
would  acquire  in  falling  ficcly,  by  the  force  of  gravity,  from  this  height. 
(See  Art.  41.) 

The  ITt/drostatic  Press* 

23.  The  principle  on  which  the  power  of  this  engine  depends  has 
been  explained  in  the  treatise  on  Hydrostatics, 
Art.  11 ;  it  only  remains,  therefore,  for  us  to 
notice  com2  contrivances  connected  with  its 
operation.  II  C  is  a  lever  of  the  second  kind, 
turning  on  the  fixed  centre  C,  which  works 
the  piston  p  of  the  small  cylinder ;  P  is  the 
largo  piston,  which,  by  ascending,  compresses 
Iho  material  S  placed  between  the  press 
boards ;  A  is  a  pipe  proceeding  from  the  bot- 
tom of  the  small  cylinder  to  a  cistern  of  water ; 
V  is  a  valve  lifting  upwards,  placed  at  the  top 
cf  this  pipe;  r  is  a  valve,  opening  to  the  left, 
placed  in  the  pipe  which  connects  the  two 
cylinders. 

In  a  descending  stroke  of  the  piston  p,  the  valve  V  closes^  and  the 
valve  V  opens,  and  the  water  is  forced  into  the  large  cylinder,  which 
causes  tly}  piston  P  to  ascend  and  compress  the  material  S ;  on  the  other 
hand,  in  an  ascending  stroke  of  the  piston  />,  the  valve  v  closes  by  the 
pressure  of  the  water  in  the  large  cylinder ;  the  valve  V  opens  and 
allows  a  fresh  supply  of  water  to  enter  the  small  cylinder ;  and  so  on>  as 
in  the  common  ibrcing  pump  described  in  Art.  22. 


Fiy.  47. 


*  Hydraulic  Ram. 

27.  This  elegant  and  useful  contrivance  for  nusing  water  may  be  em- 
ployed with  advantage  where  there  is  an  abundant  supply  of  water  with 
only  a  small  descent. 

The  action  of  this  cncfine  depends  upon  the  great  force  which  is  pro- 
duced whcncTcr  a  tody  in  motion  suddenly  meets  with  an  obstacle. 
A  body  of  water  acquires  motion  in  its  descent  through  on  inclined 
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pipe  A;  and  the  outlet  A, 

upon  being  suddaily  closed, 

allows  the  motion  accumtdat- 

ed  in  this  body  of  water  to 

expend  itself  in  forcing  some 

of  the  fluid  in  the  pipe  B  into 

an  air  chamber  rf,  whence  it  ^^^  ^S« 

is  raised  by  the  pressure  of 

the  air  in  the  chamber  to  any  proposed  elevation. 

A  is  an  inclined  pipe  conducting  a  stream  of  water  from  a  reservoir ; 
B  a  horizontal  portion  of  this  pipe,  having  a  valve  e  opening  into  the  air 
chamber  d;  o  is  a  heavy  vaive  which  closes,  when  it  is  lifted  upwards, 
the  outlet  of  the  water  at  h ;  this  valve  is  so  heavy  that  it  descends  in 
the  quiescent  tiuid  by  its  own  weight,  thereby  opening  the  outlet  at  it,  at 
the  same  time  it  is  capable  of  being  lifted  up  by  the  impetus  of  the 
water  as  it  rushes  out  of  the  opening  k  with  the  velocity  acquired  in 
descending  the  inclined  pipe  A. 

The  valve  a  being  first  opened,  the  water,  rushing  out  of  the  orifice  A, 
at  length  acquires  a  velocity  sufficient  to  drive  the  valve  a  upwards, 
thereby  closing  the  orifice  k ;  the  current  of  water  through  it,  being  thus 
suddenly  checked,  expends  the  motion  accumulated  in  it  in  forcing  some 
of  the  fluid  through  the  valve  e  into  the  chamber  d.  Now,  when  the 
water  has  become  quiescent,  the  heavy  valve  a  descends  by  its  own  weight 
and  opens  the  orifice  k ;  the  water  again  rushes  out  of  the  orifice*  and  so 
on  as  already  described. 

Herd's  Fountain. 

28.  The  jet  in  this  fountain  is  produced  by 
the  force  of  compressed  air.  a  and  g  are  two 
vessels  united  by  means  of  pipes ;  the  pipe  e  /, 
proceeding  from  the  basin  »  o,  descends  nearly 
to  the  bottom  of  the  lower  vessel  g ;  the  pipe  h  k^ 
passing  from  the  top  of  the  vessel  y,  nearly  reach- 
es the  top  of  the  vessel  a ;  the  jet  pipe  d  c  dips 
into  the  water  in  the  vessel «,  and  rises  above  the 
basin  n  o.  Let  us  now  sec  how  the  fountain 
acts.  The  jet  cock  b  being  taken  off,  water  is 
poured  through  the  pipe  d  into  the  vessel  a  until 
it  reaches  the  level  /  m ;  the  dUh  now  then 
filled  with  water,  which,  descending  thnnigh  the 
pipe  eft  compresses  the  air  in  the  vessels  g  and 
a ;  the  stop  cock  b  being  now  opened,  the  com- 
pressed air  forces  the  water  up  the  pipe  d  c,  and 
thus  the  jet  c  is  produced.  Fig,  49. 
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7%6  Siphon  Fountain. 

29.  The  lU!tion  of  this  fountain  depends  upon  the 
principle  of  the  siphon.  Its  construction  is  as  follows : 
A  is  a  glass  receiver  which  fits  closely  to  the  plate  B, 
through  which  two  tubes  n  m  and  «  r  pass ;  the  lower 
extremity  n  of  the  tube  n  m  is  immersed  in  water,  and 
its  upper  extremity  m  rises  within  the  recdver  A ;  the 
lower  extremity  «  of  the  tube  r  «  descends  below  the  sur- 
face of  the  water  in  the  vessel  n.  To  show  the  action  of 
the  foimtain,  invert  the  apparatus,  and  pour  a  little 
-water  through  the  tube  »  r  into  the  receiver ;  close  the 
aperture  «  with  the  finger,  and  place  the  apparatus  in  the 
position  shown  in  the  figure.  Now,  as  the  column  of 
-water  in  r  «  is  longer  than  it  is  in  nm,  on  the  principle 
of  the  siphon.  Art.  1 1,  the  water  flows  from  a  ;  but  this 
occasions  the  water  to  fall  in  the  receiver  A,  and  hence 
the  air  in  the  receiver  is  rarefied  ;  the  pressure  of  the  ex- 
ternal air  on  the  water  in  the  vessel  n  forces  the  fluid  up 
the  tube  n  m,  and  thus  a  jet  is  formed  -within  the  re- 
ceiver. 
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30.  By  this  property  is  meant  the  tendency  which  airs  or 
gases  have  to  intermix  with  each  other,  without  regard  to 
their  densities. 

ExnnuMKKTS. 

Exp,  1.  Take  a  bottle  of  carbonic  add  gas,  and  invert  a  sim- 
ilar bottle  of  common  air  over  it ;  then  after  a  few  minutes  the 
carbonic  add  gas  -will  be  equally  difiused  through  the  two  ves- 
sels. Here  the  carbonic  acid  gas,  which  is  IJ  times  heavier 
than  common  air,  rises  into  the  upper  vessd  in  opposition  to  its 
gravity. 

Exp,  2.  Tie  a  piece  of  bladder  over  one  end  of  a  -wide  tube, 
fin  it,  over  water,  -with  hydrogen  gas,  and  allow  the  tube  con- 
taining the  gas  to  stand  for  a  few  minutes.  The  water  will  j^.  ^. 
gradually  rise  4n  the  tube,  apparently  in  opposition  to  gravity. 
Here,  fiipm  the  principle  of  diffusiveness,  the  hydrogen,  being  thinner 
than  atmospheric  air,  escapes  from  the  tube  through  the  fine  pores  of 
the  bladder  more  rapidly  than  the  external  air  enters  into  it ;  the  conse- 
quence i%  that  the  preasure  of  the  atmoqthere  forces  the  water  up  the 
11 
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tube  to  fill  the  Toid  which  would  otherwise  be  formed.  In  this  experi- 
ment the  diffusivenesB  of  gases  appears  to  act  on  a  sunilar  principle  to 
that  of  endosmosfe  and  aoBmasdk  e^qpluned  at  page  90. 

81.  The  principle  of  the  diffuaivenesa  of  gaaea  ia  of  vast 
importance  in  the  economy  of  nature.  For  example,  atmoe- 
pherie  air  ia  chiefly  a  mixture  of  two  gases,  oxygen  and 
nitrogen ;  but  they  are  so  completely  diffused  in  the  atmos- 
phere, that  every  where  we  find  them  mixed  in  the  same 
relative  proportions. 

LIQTTEf  ACTION  Of  OASES. 

32.  Some  gaseous  bodies,  when  under  great  pressure  and 
cold,  are  found  to  assume  the  liquid  form :  for  example,  car- 
bonic acid  gas  becomes  a  liquid  when  subjected  to  the  pressure 
of  about  forty  atmospheres;*  and  chlorine  gas  becomes  a 
liquid  at  a  much  lower  pressure.  But  there*  are  some  gases, 
such  as  atmospheric  air,  which  have  hitherto  resisted  all 
attempts  to  liquefy  them ;  such  gases  are  called  permanenUj^ 
elastic  fiuids. 

ACOUSTICS,  OR  THE  SCIENCE  OF  BOUND. 

83.  The  atmosphere  is  the  usual  medium  through  which 
sound  is  conveyed  to  the  ear. 

(1.)  Sound  is  heard  when  any  sudden  shock  or  impulse 
occurs  in  a  body  having  communication,  through  the  air  or 
Otherwise,  with  the  ear. 

Common  instances  of  a  single  impulse  are,  the  blow  fiom  a  hammer, 
the  clap  of  the  hands,  the  crack  of  a  whip,  a  pistol  ahot,  or  any  ex- 
pifWio*i- 

(2.)  Impulses  quickly  repeated  cannot  be  separately  at- 
tended to  by  the  ear ;  and  hence  they  appear  as  one  contin* 
ued  sound,  of  which  the  pitch  or  tone  depends  on  the  nuadber 

•  Carlxmic  add  has  even  been  Inooght  to  the  solid  tattr 


oeennriiig  in  a  giren  time :  all  toatinaed  soana  is  Imt  a  repe- 
tition of  impulses. 

If  a  wlied  with  teeth  be  made  to  turn,  and  to  stxike  a  piece  of  qmH 
with  every  tooth,  it  will,  when  moved  thwfy,  allow  every  tooth  to  be 
seen  and  every  blow  to  be  oeperatdy  heard;  but  increase  the  velocity, 
and  the  eye  will  lose  sight  of  the  individual  teeth,  and  the  ear,  oeaaing 
to  peroeiTe  the  separate  blowa,  will  at  last  hear  only  a  smooth,  continu- 
oua  aound,  called  a  4om,  of  which  the  character  will  change  with  the 
irelocity  of  the  wheeL 

(3.)  When  sonorous  bodies  (such  as  glass,  bell  metal,  the 
string  of  a  violin)  are  struck,  a  tremulous  or  vibratory  motion 
takes  place  in  the  body ;  and  this  vibratory  motion,  being 
impressed  upon  the  air,  is  transmitted  to  the  drum  of  the  ear, 
producing  the  sensation  of  sound.  The  following  simple  ex- 
periments show  that  sonorous  bodies  have  this  property:—- 

^BxPERIMBlfTB. 

Exp,  1.  If  a  bdl  be  struck,  its  tremulous  motion  may  be  felt  by  gen- 
tly touching  it  with  the  finger.  When  the  finger  is  pressed  against  the 
bdl,  the  sound  is  stopped,  because  the  vibrations  of  the  bell  are  inter- 
rupted. 

Eap.  2.  Attadi-a  small  piece  of  joosk  by  a.atring  to  a  bell ;  strike  the 
bell :  the  cork  vifarates  with  the  bell. 

Exp,  3.  Strike  a  tuning  fork ;  touch  the  sur&oe  of  some  mercury  with 
the  end  of  the  fork :  the  surface  of  the  mercury  exhibits  little  undula- 
tions or  wares. 

Exp,  4.  fiprinkle'SOBie 'fine  sand  over  a  s^fuare  piece  of  wmdow  ghns  j 
hold  it  firmly  by  means  of  «  pair  of  pliers,  and  draw  a  violin  bow  down 
ilxe  edge:  'the  'sand  -is  put  in  SMitiim,  vid  finally  aetttes  Haelf  in  those 
parts  xyfvne  glass  wMoi  -hovie  the  least  vifaratozy  motion.  Sy  changing 
-tiiepeint  by  wliiGSi  the  fdote  is  hdd,  or  by  varying  the  parts  to  whidi  tiie 
Tidin  bow  is  applieia,  the  sand  may  be  made  to  asBume  diflercnt  beauti- 
ful shapes. 

34.  All  sonorous  bodies  -are  elastic ;  and  the  piteh  of  the 
t«M  srliieh  tiiey  emit  depends  upon  ihe  number  of  vibrations 
which  they  perfoi-m  in  a  given  time. 

.In  aU  nmndoDunds^ie  vibntais  of  thosonoraus.  bodies  aie  roguhuTt 
Siaaistesay,  t3iejri9idl|yof  tborvifaratwsrem  Zhe 
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freqiieiiey  of  vibratioiis  in  stiingB  inczeaseB  with  their  tension,  shortnettt 
and  Ughtneu,  By  tightening  the  string  of  a  yiolin  the  pitch  of  the  note 
is  raised,  and  the  same  effect  is  produced  by  shortening  the  string ;  in 
both  cases  the  string  is  made  to  vibrate  quicker.  The  pitch  of  the  note 
also  depends  upon  the  thickness  of  the  string ;  for  example,  the  thinnest 
strings  in  the  violin  emit  the  highest  sounds.  In  order  to  produce  a 
musical  sound,  the  number  of  vibrations  performed  by  the  string  cannot 
be  less  than  32  per  second ;  a  string  which  vibrates  twice  as  fast  emits  a 
note  an  octave  higher,  and  a  string  which  vibrates  three  times  as  fast 
emits  a  note  two  octaves  higher,  and  so  on.  When  the  strings  vibrate 
with  the  same  frequency,  the  tones  which  they  emit  are  in  unison.  The 
pleasing  effect  of  harmonious  sounds,  such  as  thirds  and  fifths,  is  pro- 
duced by  the  simplicity  of  the  ratio  of  the  vibrations  performed  in  the 
same  time ;  and,  on  the  contrary,  the  disagreeable  effect  of  discordant 
sounds  arises  from  the  want  of  this  simplicity. 

Where  a  continued  Bound  is  produced  by  impulses  which 
do  not,  like  those  of  an  elastic  body,  follow  in  regular  succes- 
siouy  the  effect  ceases  to  be  a  dear,  uniform  sound  or  tone, 
and  is  called  a  noise, 

IVansmtssion  of  Sound, 

35.  The  experiment  of  the  bell  in  the  exhausted  receiver 
(see  p.  115)  shows  that  a  sonorous  body  maf  vibrate ;  yet  if 
there  is  no  medium  to  transmit  the  vibrations  to  the  ear,  no 
sound  will  be  produced. 

When  a  gun  is  discharged,  the  sudden  expansion  of  the  powder,  oom- 
pressmg  the  air  immediately  around  it,  produces  a  condensation  of  the 
air  a  little  farther  away ;  this  air,  by  its  elasticity,  expands,  and  in  its 
turn  produces  a  condensation  of  the  air  beyond  it;  and  so  on  to  a  suc- 
cession of  pulsations  or  waves  created  by  alternate  condensations  and 
expansions :  in  this  way  all  sounds  are  propagated  through  the  air. 
These  successive  pulsations  or  waves  are  BometDhat  like  the  successive 
rings  formed  in  water  when  a  stone  is  thrown  into  it. 

36.  Dense  air  is  a  better  conductor  of  sound  than  rare  air. 

Hence  it  is  that  the  sound  of  a  pistol  on  the  top  of  a  high  mountain 
is  scarcely  louder  than  the  crack  of  a  whip.. 

The  distance  at  which  a  particular  sound  may  be  heard  depends  upon 
the  state  of  the  atmosphere  with  respect  to  density,  moBstnre,  &c  It  is 
on  aoeount  of  the  different  states  of  ^e  atmapherfs  that  St.  Paul's  clodL 
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IS  heard  so  much  mote  dutinctly  at  one  time  than  at  another.  In  cahn, 
dry  air  the  report  of  a  musket  may  be  heard  at  the  distance  of  five  miles, 
and  the  sound  of  cannon  has  been  heard  over  water  at  the  distance  of 
200  miles.  In  the  open  air  the  human  vdce  may  be  heard  at  the  dis- 
tance of  230  yards ;  and  Captain  Parry  infinrms  us  that  at^  the  jwlar 
regions*  where  the  air  is  dense  and  dry,  a  oouTerBation  may  be  carried 
db  between  two  persons  a  mile  apart.  The  explosions  of  the  volcano  of 
St.  Vincent  were  heard  at  Demarara,  a  distance  of  340  miles.  This  is 
the  greatest  distance  on  record  to  which  sound  has  been  conveyed  by  the 
atmosphere. 

Velocity  of  Sound, 

37.  When  a  gan  is  fired,  we  always  see  the  flash  before 
we  hear  the  sound.  Now,  we  see  the  flash  almost  instanta- 
neously ;  but  sound  requires  a  sensible  time  to  travel  over 
any  particular  distance.  In  ordinary  states  of  the  air  sound 
travels  at  the  rate  of  1120  feet  per  second. 

I^rom  this  we  can  readily  calculate  the  distance  at  which  a  gun  is  fixed 
when  we  know  the  interval  of  time  which  elapses  between  the  flash  and 
the  sound. 

Example,  Required  the  distance  at  which  a  gmi  is  fired  when  the 
report  is  heard  three  seconds  after  the  flash  is  seen. 

Here,  distance  travelled  by  sound  in  1  second  ssa  1120  feet ; 

Distance  travelled  in  3  seconds  =  3  times  1120  =  3360  feet ; 
which  gives  the  distance  required. 

In  the  same  way  we  can  find  the  distance  of  lightning  firam  us,  by 
observing  the  number  of  seconds  which  elapse  between  the  flash  and  the 
sound  of  the  thunder.  As  the  human  pulse  very  nearly  beats  once  in 
every  second,  we  may  always  readily  find  the  interval  between  the  fiash 
and  the  somid  by  counting  the  beats  of  the  pulse. 

38.  Solid  as  well  as  liquid  bodies  transmit  sound  even  bet- 
ter than  air. 

EXPEBDCENTS. 

Exp.  1.  Strike  two  stones  together  under  water :  the  sound  wiU  be 
as  loud  as  if  they  had' been  struck  in  the  air. 

Exp.  2.  Scratch  the  end  of  a  log  of  timber  with  a  pin  :  a  person  with 
his  ear  at  the  opposite  end  will  distinctly  hear  the  sound. 

Exp.  3.  Place  the  end  of  a  long  iron  rod  between  the  teeth,  while 
the  other  end  rests  on  the  bottom  of  a  hollow  vessel :  a  whisper  uttered 
within  the  mouth  of  the  vessel  will  be  distiactly  heard,  though  it  would 
be  inwidible  through  the  air. 
11* 
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Exp.  4.  Soipend  a  poker  by  two  tttinff^  nid  pnm  the  aids  one  la 
eM^  e«r,  while  the  poker  is  aUowed  to  hang  freely ;  strike  the  poker :  a 
soiuid  like  the  tolling  of  a  hnge  bdl  will  be  henrd.  Take  the  ends  of 
the  stnngi  horn  the  ear*  and  the  sound  will  be  oompozatiTely  Soeble^ 

Refieetian  of  Sound. 

89.  When  sound  strikes  against  any  fixed  surface,  it  is 
reflected  from  that  surface,  and  the  angle  of  reflectioo  la  equal 
to  the  angle  of  incidence.  This  law  of  reflection  is  the  same 
as  that  which  takes  place  with  respeot  to  any  elastic  bodies. 

Thns>  fee  exsnyl<%  when  a  marble  is  thiowa  obliipiely  on  a  hard  pave- 
ment^  it  is  reflected  from  the  8az£u»  of  the  paremeot  at  an  angle  equal 
to  the  incident  angle  —  that  is,  equal  to  the  angle  at  which  it  meets  the 
suifaoe  of  the  pavement. 

Echoes. 

40.   Reflected  sounds  produce  echoea. 

In  order  that  an  echo  shdbld  be  heard  distinct  from  the  soond  whkh 
produces  it,  the  reflecting  surface  must  be  at  such  a  distance  that  the 
reflected  sound  would  not  be  confounded  with  fhe  original  sound  pro- 
ceeding directly  to  the  ear.  Now,  the  human  ear  cannot  i^ppreciate 
more  than  ten  sepiuate  sounds  in  a  second ;  so  that,  in  osdcr  that  two 
successtre  sounds  puiy  be  distinctly  heard,  the  interval  between  them 
must  be  at  least  the  tenth  part  of  a  second ;  and,  since  sound  travds  at 
the  rate  of  1120  feet  per  second,  or  112  feet  in  the  tenth  part  of  a  sec- 
ond, it  fellows  that  the  reflected  sound  must  travel  over  112  feet  mors 
than  the  direct  sound  in  order  that  the  echo  of  a  single  sound  or  syllable 
may  be  distinctly  heard  from  the  sound  itselil 

Let  A  be  the  place  of  a  person 
giving  utterance  to  a  single  sound ; 
C  the  place  of  the  person  who  hears 
the  echo ;  E  F  any  wall  or  obstacle 
which  reflects  the  sound ;  A  B  the 
incident  sound ;  B  C  the  reflected  ^ 
sound ;  B  D  a  line  perpendicular  to 
the  plane  of  the  wall :   then  the    -: 
angle  A  B  D  is  called  the  angle  of    ^ 
indclence,  and  the  angle  D  B  C  that 
of  refli^on.    Now,  the  sound  pro- 
ducing the  echo  travels  through  the  distanee  A  B  added  to  B  C,  while 
the  direct  sound  simply  travels  through  the  distoDoe  A  C ;  and*  ther»> 
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tote,  if  the  fivmer  distance  is  112  feet  greater  than  the  latter,  the  pemn 
at  C  would  distinctly  hear  the  echo  of  a  single  sound,  as  well  as  the 
sound  itself.  If  the  distance  ABC  exceeds  A  C  by  twice  112  feet»  the 
echo  of  two  distinct  sounds  may  be  heard,  as  in  ^e  cafe  of  the  word 
echo.  Some  echoes  repeat  several  syllables  in  succession.  There  are  also 
some  echoes  which  repeat  the  same  word  several  times;  this  takes  place 
when  there  are  a  series  of  reflecting  suxfiices  placed  at  different  distances 
frcm  the  speaker.  When  a  hill  or  some  other  olject  obstructs  the  direct 
iound.  the  echo  only  may  be  heard. 

Whispering  GalUries* 

41.  Sound,  as  well  as  light,  may  be  magnified  by  reflection ; 
it  is  on  this  principle  that  whispering  galleries  are  constructed. 

Let  A  C  B  E  represent  the 
wall  of  an  elliptical  building; 
then  a  whisper  uttered  at  the  16- 
ctis  a  will  be  distinctly  heard  at 
the  other  fixnu  b*  Here  the 
sound  proceeding  from  <s  is  re- 
flected from  every  point  in  the 
wall  to  the  point  6 ;  for  example, 
the  sound  proceeding  along  the 
line  a  a;  is  reflected  along  the  line 
K  b,  where,  from  the  property  of 
the  ellipse,  the  angle  axy  oi  the 
incident  sound  is  equal  to  the 
angle  zxb  oi  the  reflected  sound ;  and  this  takes  place  ihr  every  point 
in  the  ellipse.  The  form  of  the  ellipse  is  peculiarly  adapted  for  a  whis- 
pering gallery,  not  only  on  account  of  the  property  just  mentioned,  but 
also  on  account  of  another  property,  viz. :  the  sum  of  the  lines  a  x  and 
b  X,  drawn  from  the  foci  a  and  b  to  any  point  in  the  ellipse,  is  always 
of  the  same  length;  from  this  it  follows  that  the  various  reflected  sounds 
reach  the  ear  at  the  same  instant.  The  whispering  gallery  of  St.  Paul's 
Cathedral,  in  London,  depends  upon  a  similar  principle. 

42.  The  sneaking  trumpet  is  much  used  at  sea  to  render  the  human 
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Toice  heard  at  a  great  distance.  When  a  word  is  spoken  at  A,  the  sound 
is  reflected  from  different  points  in  the  interior  of  the  trumpet,  so  that 
the  sound  issues  from  the  wide  mouth  B  with  an  accumulated  force.  A 
strong  man's  voice,  with  a  good  instrument,  may  be  heard  at  the  distance 
of  three  miles. 

The  hearing  trumpet  is  very  uselVil  to  persons 
dull  of  hearing,  as  it  enables  them  to  hear  what  is 
spoken  to  them.  It  depends  upon  ;the  same  princi- 
ple as  the  speaking  trumpet.  The  aperture  A  is 
placed  within  the  ear  of  the  deaf  person,  and  the 
sound  emitted  at  B  is  concentrated  at  A  by  a  series  j^^,  5^7 

of  reflections. 

43.  Further  Examptes,  —  Almost  any  sound  produced  near  a  piano 
ferte  whose  dampen  are  raised  finds  a  responsive  string. 

A  harp  or  guitar  in  a  room  with  talking  company  is  often  mingling  a 
note  with  their  conversation. 

Savages  often  discover  the  approach  of  footsteps  by  applying  an  ear  to 
the  ground. 

Many  a  haunted  house,  so  called,  owes  its  reputation  to  some  innocent 
cause  which,  operating  without,  is  transmittei  to  the  apartments  within 
by  the  solid  walls,  and  interpreted  by  the  imagination  into  the  language 
of  ghosts.  Even  the  beating  of  one's  own  heart,  under  a  sense  of  fear, 
has  been  ascribed  to  a  trip  hammer  in  some  distant  machine  shop. 

The  resonance  of  a  room  is  irregular  and  indistinct  when  the  room 
contains  curtains,  carpets,  and  other  furniture,  or  a  crowded  assembly. 
Music  halls  have  generally  plain,  bare  waUs. 

WINDS. 

44.  Currents  of  air,  or  winds,  are  produced  by  the  unequal 
distribution  of  heat  over  the  earth.  When  the  sun  shines 
over  any  particular  spot  on  the  earth,  the  air  immediately  over 
the  warm  ground  is  rarefied  by  the  heat,  and  consequently 
ascends,  while  the  surrounding  air,  being  cooler  and  heavier, 
rushes  in  to  supply  the  place  which  the  warm  air  has  lefl 
vacant  In  order  to  show  the  truth  of  this  beautiful  law  of 
nature,  the  following  experiment  may  be  made  :  -^ 

Ejcp,  Make  a  wide  pasteboard  tube,  and  hold  it  in  an  inclined  position, 
with  its  upper  orifice  near  the  flame  of  a  candle  or  lamp ;  hold  a  lighted 
piece  of  paper  near  the  lower  orifice  of  the  tube,  and  blow  it  out;  the 
smoke  from  the  paper  is  drawn  np  the  tube,  and  rises  with  the  ascending 
current  of  air  proceeding  from  the  candle. 
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TJke  land  and  tea  bnezea,  which  chiefly  occur  in  wann  ooimtriGB,  afford 
ft  simple  and  an  instructiYe  illustration  of  the  manner  in  which  winds 
are  generally  produced.  These  winds  blow  from  the  sea  to  the  land 
during  the  day,  and  the  reverse  of  this  takes  place  during  the  night.  In 
the  daytime  the  land  becomes  more  heated  than  the  water,  and  thus 
the  air  over  the  land,  becoming  rarefied,  ascends ;  while  the  cool,  dense 
air  over  the  water  rushes  in  to  supply  the  place  of  the  rarefied  air.  On^ 
the  contrary,  during  the  night  the  land  loses  its  heat  more  rapidly  than' 
the  water,  until  at  length  it  becomes  coder  than  the  water ;  in  this  case, 
therefore^  a  current  of  air  sets  in  from  the  land  io  the  water.  These 
winds  tend  to  equalise  the  temperature  of  islands  and  all  places  on  the 


45*  Winds  are  divided  into  three  kinds:  these  are,  the 
constant  winds,  which  always  blow  in  the  same  direction ;  the 
monsoanSy  or  those  which  blow  one  half  of  the  year  in  one 
direction,  and  the  other  half  in  the  contrary  direction ;  the 
variable  winds,  which  do  not  appear  to  follow  any  regular  law. 

(10  Thb  constant  wnvns,  which  are  also  called  tbadb  winds,  extend 
within  30  degrees  on  each  side  of  the  equator.  The  cause  of  these  winds 
may  be  explained  in  the  following  manner :  The  equatorial  portion  of 
the  earth  being  the  hottest,  the  cool  air  from  the  temperate  and  polar 
regions  rushes  towards  the  equator  to  supply  the  place  of  the  heated  air, 
which  is  there  constantly  ascending ;  and  if  the  earth  were  not  to  turn 
on  its  axis,  this  would  occasion  two  winds,  one  blowing  directly  from  the 
north  pole  towards  the  equator  in  the  northern  hemisphere,  and  the  other 
blowing  from  the  south  pole  to  the  equator  in  the  southern  hemisphere ; 
but  as  the  earth  revolves  from  west  to  east,  the  air  towards  the  poles  has 
a  lees  rotatory  motion  than  the  solid  parts  of  the  earth  at  the  equator ;  it 
consequently  follows,  that  when  this  air  arrives  at  the  equator  it  does  not 
move  with  the  same  speed  as  the  earth,  and  thus  a  wind  blowing  from 
the  east  (contrary  to  the  earth*s  motion)  is  produced  at  the  equator. 

Kow,  the  air  within  the  northern  tropic^  before  it  reaches  the  equator, 
has  a  twofold  motion  —  that  is  to  say,  it  has  its  original  motion  from 
north  to  south,  and,  owing  to  the  earth's  rotation,  it  has  relatively  a  mo- 
tion from  east  to  west ;  but  as  these  motions  take  place  at  the  same  time, 
it  causes  the  wind  to  blow  from  the  north-east,  which  is  the  direction  of 
the  trade  in  the  northern  tropic.  Reasoning  in  the  same  manner,  it 
follows  that  the  trade  "vnnd  in  the  aouthem  tropic  must  blow  from  the 
south-east. 

These  winds  tend  to  equalize  the  temperature  of  the  globe,  and  to 
maintain  the  purity  of  the  atmosphere ;  for  while  the  cool  au:  of  the 
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polv  and  teiBpciatp  Rgkm  is  eaoBtantly  dnKcnding  townda  tliv  tonid 
cone,  the  waom  air  of  tfaia  aone  ia  eonatantly  aacending  and  monng 
towarda  the  polar  and  temperate  region  of  the  earth ;  thua  while  the 
cooil  air  of  the  frigid  and  tempente  aonea  modentea  the  exoemfe  haafe 
of  the  torrid  cone,  at  the  aame  time  the  warm  air  of  the  latter  cieratai 
the  tenqwrature  of  the  focmer. 

If  the  earth  within  the  txopioa  wera  ooTered  with  water,  the  tnde 
winda  would  regularly  blew  in  the  manner  juat  deseribed ;  but  owing  ta 
the  unequal  diatiifautioa  of  land  and  water,  these  winda  are  aulgaeft  ta 
certain  remarkable  deriationa.  Aa  might  have  been  expeeted*  the  trade 
winda  bbw  witib  the  greatest  xegulazi^  orer  the  expanse  of  the  Pwifio 
Ocean. 

(2.)  Mosraoosra.  —  When  a  trade  wind  is  turned  back  or  diTcrted  by 
'overheated  districts  fiom  its  regular  course  at  stated  seasons  of  the  year, 
it  is  regarded  as  a  mofMoon,  Thua  the  A&ican  monsoons  of  the  AtUntic, 
the  monsoons  of  the  Oulf  of  Mexico,  and  the  Central  American  mon* 
Boons  of  the  Padific  are,  for  the  most  part,  fonned  of  the  north-eaat  trade 
winds,  which  are  turned  back  to  restore  the  equilibrium  which  the  over- 
heated plains  of  AMca,  Utah,  Texas,  and  New  Mexico  have  disturbed. 

When  the  monsoooa  prevail  for  five  months  at  a  time,  (for  it  takes 
about  a  month  for  them  to  change  and  become  aettled,)  then  both  they 
and  the  trade  winds,  of  which  they  are  formed,  are  called  monaoona. 
The  south-west  and  north-east  monsoons  of  the  Indian  Ocean  afiGsrd  an 
example  of  this  kind.  The  south-west  monsoons  of  the  Indian  Ocean 
Uow  from  May  to  September  inclusive.  They  are  caused  by  the  intense 
heat  which  the  rays  of  a  doudleas  sun  produce  during  the  aununer  time 
upon  the  Desert  of  Gobi  and  the  burning  plaana  of  Central  Ada.  When 
the  sun  is  north  of  the  equator,  the  force  of  his  rays,  beating  down  upon 
tliesc  wide  and  thirsty  plains,  causes  the  air  to  expand  and  asooid* 
There  is,  consequently,  a  rush  of  air,  especially  from  towarda  the  equa- 
tor, to  restore  the  equilibrium ;  and  in  this  case  the  force  which  tends  to 
draw  the  north-eaat  trade  winds  back  becomes  greater  than  the  force 
which  ia  acting  to  drive  them  foirward. 

When  it  is  summer  time  in  Africa  south  of  the  equator,  the  winds  are 
blowing  from  the  north-east,  in  obedience  to  the  trade  wind  force,  which 
prevails  from  November  to  March  inclusive ;  hence  we  have  the  north- 
east monsoons.  The  monsoon  season  may  always  be  known  by  refierring 
to  the  cause  wliich  produces  these  winds.  Thus,  by  recollecting  where 
the  dry  and  overheated  plains  are,  we  know  at  once  that  these  winds  ore 
rushing  vnth  greatest  force  towards  these  plaina  at  ^e  time  of  their  hot* 
test  season  of  the  year 

Theae  winds  are  of  toamknkik  impQaHnm  t»  saiv^itoiB  who  auke 
Toyagii  ta  tht  £Mt  Indi» 
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(8.)  Tkb  TJUttz^LB  wnriNi  blow  at  all  places  i^  a  distance  fhmi  the 
equator.  The  yariableiiess  depends  upon  a  variety  of  causes ;  for  what- 
ever tends  to  disturb  the  equilibrium  of  the  atmosphere  will  occasion  a 
change  in  the  direction  of  the  wind. 

Tlie  cold  air  of  the  polar  regions  is  constantly  flowing  towards  the 
warmer  regions,  partly  as  an  upper  current,  according  to  the  general 
law  of  atmospheric  dxculatioD,  and  partly  as  a  sur&ce  wind :  hence  in 
the  northern  henusphere  we  have  a  prevalence  of  north-east  winds. 
These  winds,  finding  an  open  path  in  North  America,  itom  one  end  of 
the  continent  to  the  other,  sweep  from  the  bordepEs  of  the  Arctic  Ocean 
as  &r  as  the  Gulf  of  Mexico.  "Diey  strike  oUiqudy  against  the  Bocky 
Mountains*  run  along  their  slopes,  and,  being  reflect»l  by  this  high  chain* 
descend  as  a  north-west  wind  into  the  valley  of  the  Mississippi,  accom- 
panied by  cold  and  storms.  Proceeding  towards  the  Atlantic  coast,  they 
meet  the  south-west  or  the  equatorial  winds. 

This  conflict  between  the  polar  and  equatorial  winds,  so  opposite  in 
character  and  direction,  gives  to  our  climate  one  of  its  most  remarkable 
features,  ^  that  of  changeableness,  —  that  great  variety  of  temperature^ 
of  drought  and  of  humidity,  of  iair  weather  and  foul,  which  mark  the 
aoaaona  with  uncertainty,  and  the  labon  of  the  husbandman  with  doubt- 
Iblnsttlts. 

Sirocco  and  Simoom, 

There  are  certain  winds  which  have  received  peculiar  names,  such  ap 
the  Stroeeo  and  the  Simoom,  These  winds  are  injurious  to  life,  on  ac- 
count of  the  burning  sands,  or  on  account  of  the  pestilential  swamps, 
over  which  they  blow. 

The  Siroeco  blows  flram  Africa  over  the  south  of  Europe ;  it  is  es- 
pecially ftlt  in  the  south  of  Italy  and  Spain.  During  the  continuance 
of  this  hot  wind,  the  vegetable  creation  loses  its  freshness  and  beauty, 
and  the  animals  of  the  fleld,  as  well  as  man«  appear  to  languish  and 
droop  with  excessive  Gdiaustion- 

The  Si'moom,  whidi  blows  over  the  burning  deserts  of  Africa  and  Asia, 
is  of  all  other  winds  the  most  destructive  to  life.  The  breathing  of  this 
wind  sometimes  occasions  instantaneous  death ;  and  to  save  their  lives, 
trsEvdleiB  usually  throw  themsdves  down  with  their  iaces  on  the  groundf 
until  the  desolating  wind  has  passed  over  them. 

4#.  Winds  xeeetTe  imom  according  to  die  rate  at  which  they  Uow. 
WbOi  ji  wind  blows  at  the  rate  of  6  miles  an  hour,  it  is  called  a  ffmth 
hneu :  at  10  jniles  an  hour,  a  brisk  gaU ;  at  40  miles  an  hour,  a  high 
mndw  $tmm  ;  and  at  SO  miles  an  hour,  a  hurricane.  The  fisce  of  the 
wind  increases  with  the  square  of  the  velocity:  thus  a  hu 
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8  times  the  veilocity  of  a  brisk  gale,  would  strike  trees  and  booses  with 
64  times  the  force  that  a  brisk  gale  would  do. 

BALLOONS. 

47.  Balloons  rise  in  the  atmosphere  in  the  same  manner  as  smoke  as- 
cends, or  as  a  cork  rises  in  water.  A  soap  bubble  is  a  little  balloon  in- 
flated with  the  warm  air  firom  the  lungs ;  and  it  ascends  because  it  is 
specifically  lighter  than  the  surrounding  air.  A  balloon  is  sometimes 
made  of  thin  paper ;  the  air  which  it  contains  is  rarefied  by  means  of  the 
flame  of  a  piece  of  sponge  dipped  in  spirits  of  wine  and  placed  beneath 
en  opening  made  in  the  under  part  of  the  balloon.  This  kind  of  balloon 
was  invented  by  Montgolfier. 

From  its  extreme  lightness,  hydrc^en  is  better  fitted  than  any  other 
substance  to  inflate  balloons ;  though  coal  gas,  from  its  greater  cheapness, 
is  generally  used.  Very  large  gas  balloons,  of  a  pear-like  shape,  are 
made  of  oiled  silk,  and  inflated  with  common  street  gas,  which  is  con- 
siderably lighter  than  atmospheric  air.  The  balloon,  being  filled  with  this 
light  gas,  is  rendered  specifically  lighter  than  the  air ;  it  therefore  ascends 
tmtil  it  arrives  at  an  elevatian  where  the  surrounding  air  and  the  balloon 
have  the  same  specific  gravity.  The  car  which  bears  the  aeronaut  is 
supported  by  network  which  goes  over  the  body  of  the  balloon.  When 
the  aeronaut  wishes  to  descend,  he  pulls  a  cord  which  opens  a  valve  at 
the  top  of  the  balloon,  and  thus  allows  a  portion  of  the  light  gas  to 
escape,  and  thereby  renders  the  balloon  specifically  heavier  than  the  air. 

The  buoyancy,  or  ascending  force,  of  a  balloon  may  be  easily  calculated. 
Suppose  the  balloon  to  contain  32,000  cubic  feet  of  gas,  the  weight  of 
each  cuUc  foot  of  air  to  be  1  |\j  ounces,  and  the  weight  of  each  cubic 
foot  of  gas  to  be  1  ounce ;  then  each  cubic  foot  of  the  balloon  will  have 
a  buoyancy  of  ^  of  an  ounce,  and  the  whole  balloon  will  have  a  buoy- 
ancy of  3200  ounces,  or  200  lbs.  If  the  weight  of  the  car  and  the 
material  of  the  balloon  be  60  lbs.,  then  the  balloon  wiU  ascend  when  the 
weight  of  tie  aeronaut  does  not  exceed  140  lbs. 

48.  Additional  Facta.  — The  pressure  of  the  atmosphere  at  the  suifiice 
of  the  earth  keeps  a  certain  quantity  of  air  in  combination  with  water, 
so  as  to  form  part  of  the  liquid  mass.  The  air  reappears  at  once  on 
taking  off  the  pressure.  This  admixture  of  air  in  water  is  necessary  to 
the  life  of  fishes. 

A  balloon  which  is  only  half  full  at  the  surface  of  the  earth  becomes 
quite  fiill  when  it  has  risen  3}  miles,  because  at  that  height  air  from  be- 
lo^  doubles  its  volume,  on  account  of  the  diminished  pressure. 

The  downy  seeds  of  plants  seen  floating  about  upon  the  winds  of 
autumn  are  not  lighter  than  air,  but  have  so  much  bulk  and  surface  in 
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pEoportioQ  to  their  weight,  that  the  fiictioii  upon  them  of  the  moving  air 
ifl  greater  than  their  weight,  and  cairicB  them  along. 

Smoke  conasts  of  the  dust  and  yiaible  paiticleB  which  are  separated 
from  the  fuel  without  being  burned,  and  light  enough  to  be  cairied  aloft 
by  the  rising  ounent  of  heated  air ;  but  all  that  is  yisible  of  smoke  is 
really  heavier  than  air,  and  soon  falls  again. 

"When  a  low  house  adjoins  a  lofty  one,  the  wind  blowing  towards  the 
latter  is  obstructed  ;  and  if  the  top  of  a  low  chimney  be  there^  the  cam- 
pressed  air  enters  it  and  pours  downwards.    Again,  whenever  from  the 
nature  of  buildings  eddies  of  wind  occur,  or  unequal  pressures,  as  at ' 
street  comerB,  &c.,  the  chimneys  around  do  not  act  regularly. 


ExxBCiSES  ON  Pneumatics. 

1.  If  100  cubic  inches  of  atmospheric  air  weigh  30  grains,  what  will  be 
the  weight  of  1  cubic  fbot?    (See  Art.  6,)  Am,  1.08  oz. 

2.  'When  the  elevation  of  the  mercury  in  the  barometer  is  28  inches, 
what  will  be  the  height  of  a  column  of  water  supported  by  the  atmos- 
pheric pressure  ?    (See  Ait.  8.) 

Column  of  mercury  supported  by  the  atmosphere  ass  28  in. ; 

"         water  "  "  "         =  13i  X  28  in. ; 

=  31i  feet. 

3.  Kequired  the  same  as  in  the  last  example,  when  the  elevation  of  the 
mercury  is  24  inches  ?  Ana,  27  feet 

4.  Allowing  that  a  cubic  inch  of  mercury  weighs  1  lb.,  what  would 
be  the  pressure  of  the  atmosphere  at  the  top  of  a  mountain,  where  the 
mercury  in  the  barometer  stands  at  the  height  of  20  inches  } 

Ant,  10  lbs.  per  sq.  in.' 
6,  A  giyen  portion  of  air  has  a  pressure  of  15  lbs.  per  square  inch 
when  its  volume  is  6  cubic  feet :  what  will  be  its  elasticity  when  it  is 
compressed  into  the  space  of  3  cubic  feet  ?    (See  Art.  16.) 
Pressure  when  its  vol.  is  5  c.  ft.  :=  15  lbs. ; 
"  "      vol.  is  1  c.  ft.  =s  5  X  15  lbs. ; 

••  "      voLis3c.ft.=i^i^251hs. 

6.  Required  the  same  as  in  the  last  example,  when  the  original  pres- 
sure is  20  lbs.  vrith  a  volume  of  2  cubic  feet,  and  the  new  volume  is  5 
cubic  feet?  iiru.  8  lbs. 

7.  If  the  column  of  mercury  in  the  gauge  of  the  air  pump  (see  Art. 
19)  stands  at  27  inches,  when  the  mercury  in  the  barometer  is  30  inches, 
what  is  the  elasticity  of  the  air  in  the  receiver,  as  compared  with  the 
external  air  ?  Am* 

12 
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8.  If  the  tectioa  of  the  MasEddxMug  heniiqphereB  (see  Exp.  3,  Axt.  20) 
contains  6  square  inches,  and  it  requires  «  weight  of  87  lbs.  to  sqiante 
theuAt  what  is  the  presnue  of  the  external  air  upon  each  square  inch  ? 

Am.  Hi  lbs. 

9.  To  what  height  may  water  be  nused  by  the  eooDoinon  pumpb  at  • 
place  where  the  barometer  stands  at  24  inches  ? 

^tis.  27&ct.    (See  Art.  21.) 

10.  In  tiie  hydroBtatic  press,  (see  Art.  26,)  if  the  large  piston  P  con- 
^  tains  18  square  inches,  the  small  one  H  square  inches,  and  if  the  ad- 

▼antage  gained  by  the  lewer  O  H  is  6,  what  will  be  the  pressure  exerted 
upon  the  press  board,  when  «  pressureof  60  lbs.  is  applied  tothe  handle) 
Here  the  whole  pressure  on  the  small  piston  ia  6  tunes  60  lbs.,  or  360 
lbs. ;  that  is, 

Pressure  on  li  sq.  in.  es  360  lbs. ; 

••         18  sq.  in.  ss  12  times  360  lbs. »  4320  lbs. ; 
which  gives  the  upward  pressure  on  the  hu:ge  piston. 

11.  Bequired  the  same  as  in  the  last  example,  when  the  large  piston 
contains  20  square  inches,  the  small  one  2  square  inches,  the  pressure  on 
the  handle  being  40  lbs.,  and  the  advantage  gained  by  the  lever  8 } 

.4iM.  3200  lbs. 

12.  Required  the  distance  of  lightning  when  the  flash  is  seem  9  sec- 
onds be^ve  the  thunder  is  heard  ?    (See  Art.  37.) 

AnM,  I  mile  600  yards. 

13.  At  what  distance  must  a  gxm  be  fired  so  that  the  interval  between 
the  flash  and  the  sound  may  be  3|  seconds  ?  Ant.  3920  feeL 


LIGHT  AND  HEAT. 

LIGBT. 

1.  Light  renders  the  objects  in  the  external  world  Tisibld 
to  us :  the  organ  of  sight  is  the  eye ;  tho  rays  of  light,  pro- 
ceeding from  sunoonding  objects,  enter  the  eye,  that  wonder* 
ful  optical  instrument,  and  by  acting  upon  the  optic  nerve, 
produce  the  sensation  of  vision. 

2.  Light  emanates  from  all  luminous  bodies  —  such  as  the 
sun,  the  stars,  and  substances  in  a  state  of  combustion. 

The  sun  is  the  great  soiuee  of  light  as  well  as  of  heat ;  but  there  are 
many  other  sourceB  of  fight,  such  as  —  (1.)  ChemietU  light,  at  that  which 
is  dmyed  by  chemical  action ;  (2.)  Neetrie  light,  or  that  light  which  is 
evolyed  by  the  electric  spark ;  (3.)  Ughi  offnetion,  that  wMch  la  ob- 
tained by  striking  two  diiwimilar  hard  bodies  together ;  (4.)  Photpho' 
naeewt  Kght,  or  that  light  which  Ss  emitted  by  certain  bodies  at  the  ordi- 
nary temperature  of  the  air. 

'  3.  Non-luminous  bodies  become  visible  to  as  only  by  re- 
flecting the  light  which  falls  upon  them  from  some  luminous 
body. 

The  fixed  stan,  as  wdl  as  tlio  sun,  shine  by  their  own  light ;  but  the 
moon  «id  the  planets,  with  their  satdlites,  diine  only  by  reflected  light. 

4.  Bodies  are  divided  into  transparent  and  opaque.  Trans- 
parent bodies,  such  as  glass,  allow  the  rays  of  light  to  pass 
freely  through  them;  in  other  words,  we  can  see  objects 
through  them.  Opaque  bodies,  audi  as  a  sheet  of  tin,  do  not 
allow  tlie  rays  of  light  to  pass  through  them. 

5.  Light  travels  at  an  inconceivably  rapid  rate. 

It  takes  about  eight  mumtes  in  travelling  fiom  the  sun  to  us,  that  is, 
it  movei  at  the  rate  of  about  192,<K)0  miles  per  second.  As  regards  all 
phenomena  upon  earth,  they  mf^  be  ^onadered  as  happening  at  the  eary 
imtant  when  the  eye^pooeives  them ;  the  diffoe&ce  of  time  being  too 
anatt  to  baapiMcnfiad. 

(IW) 
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Light  piooeeds  from  visible  objects  in  straight  lines. 

Thaa  we  can  ooly  seea  body,  when  looking  through  a  stzaight  tube^ 
by  directing  the  tube  towards  the  body. 

6.  The  intensity  of  light  yaries  with  its  distance  from  us ; 
that  is  to  say,  like  all  other  principles  which  emanate  from  a 
centre,  the  intensity  of  light  decreases  as  the  squares  of  the 
distances  increase. 

Thus,  at  the  distance  of  two  yards,  the  Sntennty  of  light  will  be  one 
fiiurth  of  what  it  is  at  one  yard;  at  three  yards,  the  intensity  will  be 
one  ninth  of  what  it  is  at  one  yard;  and  so  on :  the  reason  of  this  is 
rendered  manifest  by  Fig.  1. 


Fiff.  1. 


7.  There  are  two  remarkable  laws  of  light,  viz.,  reflection 
and  refraction. 

Every  boy  is  familiar  with  the  reflection  of  the  sunlight  from  a  bit 
of  looking  glass. 

When  we  look  upon  the  surface  (^  a  streun,  we  see  the  objects  on  its 
opposite  bank  reflected  from  its  surfoce.  In  this  case,  the  reflected  im- 
ages of  the  objects  appear  turned  upside  down. 

We  see  our  faces  reflected  from  the  surface  of  the  looking  glass.  In 
this  case,  the  side  of  our  &ce  to  the  left  appean  on  the  right  of  the  re- 
flected image. 

We  plunge  a  stick  into  water ;  the  stick  appears  bent :  this  is  owing 
\o  refraction. 

We  look  thixsiugh  a  tumbler  of  water  upon  an  object  placed  on  the 
opposite  side ;  the  object  appears  very  much  enlarged  and  somewhat  dis- 
torted :  this  is  owing  to  refraction  :  the  rays  of  light  proceeding  from  the 
object  are  changed  from  their  right-lined  course  in  passing  through  the 
transparent  medium.  This  change  of  direction  is  called  the  effect  of 
refraction. 

8.  The  great  Newton  considered  that  light  la  an  emanation  from 
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huninoas  bodies,  and  consistB  of  very  minute  particleB  which  are  too  fine 
or  subtile  to  exhibit  the  ordinary  properties  of  matter,  and  which  travel 
in  straight  lines  with  inconceiTi^  velocity,  and  produce  the  sensation 
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of  light  ^  passing  mto  the  eye,  striking  against  the  expanded  nerve  of 
vision  called  the  retina.  This  has  been  called  the  corptacular  theory  of 
light.  There  is  another  theory  of  light,  pretty  generally  now  adopted 
by  philosophers,  which  is  known  as  the  undulatory  theory  of  light :  ac- 
cording to  this  theory  light  is  supposed  to  be  propagated  by  the  imdula- 
tions  of  a  subtile  ethereal  medium  which  pervades  all  space.  Now,  as 
either  of  these  theories  serves  the  purpose  of  explaining  and  classifying 
the  facts  which  we  shall  have  occasion  to  notice,  we  shall  not  limit  our- 
selves by  decidedly  adopting  either  the  one  theory  or  the  other. 
12* 
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EXPERIMENTS   ELUaDATIXG  THE  LEADING    PRINCI- 
PLES OP  OPTICS. 

9.    REFLECTION. 

Exp,  1.  Lay  a  small  looking  gluB  tt|ioa  the  floor,  with  its  fauoe  upper- 
most ;  place  a  burning  candle  oa  the  HocNr,  al  soioe  distance  fixmi  the 
looking  glass,  so  that  the  light  ftoni,  the  oandUt  may  &1I  obliqudy  upon 
the  surfiMe  of  the  gltti :  phioet  yoimejf  qBLtllA«cteqpp<Miteto  the  cpa- 
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dk,  duiting  your  position  until  you  catch  a  sight  of  the  image  of  the 
candle  reflected  from  the  ^ass. 

(1.)  The  r^fl&cUd  ray  makes  the  same  angle  with  the  glass  as  the  mrt- 
defUray. 

(2.)  The  image  of  the  candle  appears  as  much  helow  the  surface  of 
the  glass  as  the  candle  itsdf  stands  above  the  glass. 

Bring  the  candle  about  a  foot  nearer  to  the  reflector :  then  you  will 
have  to  bring  jrour  eye  the  same  distance  nearer  to  it ;  thereby  showing 
that  the  reflected  ray  always  makes  the  same  angle  with  the  surfioiee  of 
the  reflector  that  the  incident  ray  does. 

The  angle  of  reflection  is  alwayB  equal  to  the  angle  of  inci- 
dence. 

Thus,  let  E  F  be  the  reflecting  surface, 
A  B  the  incident  ray,  B  C  the  reflected 
ray.  and  B  P  a  perpendicular  to  the  sur- 
fiace  E  F;  then  the  angle  A  B  P  which 
the  incident  ray  makes  with  this  perpen- 
dicular is  called  the  angle  of  incidence, 
and  the  «ngle  C  B  P  which  the  reflected 
ray  makes  with  this  perpendicular  the 


Itt 

m^  of  refleetkm;  and  time  two  wnq^  we  always  equal  to  tmk 
other. 

It  18 quite truc^ at  the  aame  time, that  the  angle  ABE, which  the 
tncideiit  ray  makei  with  thft  aurlaoa  oL  tba  reHoctort  ia  always  equal  to 
the  angle  F  B  G  which  the  reflected  ray  makes  with  the  suxiiM»  of  the 
reflectar* 

In  Fig.  6,  A  B  18  the  incident  ray  proceeding  from  the  top  of  the  tree, 
and  B  C  the  reflected  ray ;  H  F  ia  the  incident  ray  proceeding  from  one 
of  the  lower  branches,  and  F  C  te  xedtcted  ray.    Now»  hecauMoC  the 


equality  of  the  angles  of  incidence  and  reflection,  the  image  D  of  the  top 
of  the  tree  appean  as  much  below  the  surface  of  the  water  as  the  top 
of  the  tree  A  is  really  above  it.  « 

Exp.  2.  To  obtain  three  or  more  reflected  imagee  of  an  o%^.  — Place 
a  small  mirror  perpendicular  to  a  larger  one:  put  any  object  between 
them;  bring  your  eyes  in  front  of  the  smaller  mirror;  you  will  distinctly 
aee  three  reflected  images  of  the  object  — that  is,  one  image  from  the 
reflection  of  the  large  mirror,  another  from  the  reflection  of  the  anall 
mirror,  and  a  third  from  the  double  reflection  of  the  two  mirnns. 

Phice  yourself  before  two  Uurge,  paraUel  looking  glasses,  fixed  to  the 
opposite  walls  of  a  room,  and  you  will  see  a  countless  scries  of  images 
reflected  from  the  glass.    This  eflfect  is  produced  by  a  series  of  successive 

reflections. 

Exp.^.  7b  ^<i«i7A<o/<A«  floe*  o/yoftt-A^wi.  — Place  yourself  with 

your  back  towards  a  large  k)oking-glass ;  hold  a  smaU  looking  glass  with 
its  face  towards  you,  but  a  httle  to  one  side,  and  with  its  surface  somewhat 
incUned  to  the  plane  of  the  lisrge  mirror;  after  a  httle  adjustment  you 
wiU  get  a  distinct  viaw  of  ^  back  portion  of  youi  head,    Itiascarcelj 
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neoessarytoflay  thattfauifldnetotworeflectioDs:  the  back  part  of  your 
head  is  reflected  from  the  large  minor  to  the  small  one,  and  then  tlna 
last  image  ia  reflected  from  the  sax&ce  of  the  amall  mirrorto  the  eye. 

£179.4.  A  permm  may  tee  hi9  v>hoie  Jigwn  r^leded  Jnm  tks  9wrfa^ 
cf  a  eompamUvelsf  emaU  m»mir. —- Place  youxself  •  few  feet  in  front  of 
a  minor  A  B ;  mofe  faackwaids  until 
you  get  a  sight  of  your  whole  figore: 
the  rays  of  light  C  A  proceeding  from 
your  head  fall  perpendicularly  upon 
the  miiTor,  and  are  therefore  reflected 
back  in  the  same  line ;  the  rays  B  D 
proceeding  from  your  feet  felloUiqady 
upon  the  minor,  and  are  therefore  re- 
flected according  to  the  law  of  reflection  before  explained,  in  the  direction 
B  C ;  so  the  image  of  the  image  of  the  feet  is  seen  at  F  in  the  directioa 
of  the  ImeCB  produced.  The  image,  as  before  stated,  will  appear  to  be 
standing  as  much  behind  the  glaas  asjthe  actual  figure  is  standing  before  it. 

JBip.  6.     The  magic  penpeeHve^  as  it  ia  called,  is  produced  by  an  ar- 
xangemant  of  reflectocs  wldch  enables  a  person  to  see  an  olject  notwith- 


Fig,%. 


^ 


^   3^ 


\^^=^^ 


^ 


Fig.l, 

.  m 

Standing  the  interposition  of  an  opaque  screen.  4  A,  ^,  and  k  are  look- 
ing glasses  inclined  at  angles  of  45^  to  the  hciiaon;  P  is  the  object,  P  / 
the  incident  rays,  and  Ihg  hK  the  course  of  the  reflected  rays ;  and 
the  eye  at  A  perceives  the  image  of  the  object  in  the  last  minor  in  the 
direction  A  1L 

Exp.  6.  The  koMdotoope  consists  of  a  long  tube,  blackened  inside^ 
haying  three  pieces  of  looking  glaas  inserted  in  it  lengthwise ;  one  end 
of  the  tube  is  closed  by  a  piece  of  window  glass,  and  on  it  is  fitted  a  con- 
tinuation of  the  tube,  the  end  of  this  tube  being  closed  with  a  piece  of 
ground  window  glass ;  the  space  between  these  two  glasses,  which  does 
not  exceed  a  quarter  of  an  inch,  is  filled  with  pieces  of  colored  glass ;  the 
other  extremity  is  coTered  with  a  cap  haying  a  small  hole  through  its 
centre,  to  which  the  e^^e  must  be  applied.  Hold  the  tube  with  the  ground 
glass  to  the  light ;  look  through  the  hole  at  the  pieces  of  cokxred  ghiss, 
and  the  image  of  a  regular  hexagonal  star  will  be  seen.  The  effect  is 
due  to  the  successiye  reflections  which  take  place  from  the  8cizfiu»  of 
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the  three  nunora ;  the  rays  proceeding  finom  each  hit  of  glaK  under^ 
five  Rflectk»8|  which,  with  the  object  itself  presents  siz  distinct  ixaages 
to  the  eye. 

Exp.  7.  A  ooneme  mthvr.  ~  Look  into  the  concave  fine  of  a  watch 
glass,  taking  care  to  have  a  dark  gnxmd  behind  it;  after  adjusting  for 
the  focus,  you  will  see  a  small  inverted  image  of  your  face  reflected 
from  the  concave  surface  of  the  glass. 

Hold  a  small  otgect,  such  as  the  head  of  a  pin,  very  near  to  the  aur- 
fine  of  the  reflector:  an  enlarged  image  of  the  olject  will  be  seen  behind 
the  glass. 

A  cofiwez  mirror.  —  Look  at  the  convex  fiice  of  the  watch  glass,  and 
similar  eSiects  will  be  observed. 

10.    BEFBACTION. 

Bxp.  1.  Tbfonti  the  imoffe  of  a  candle  by  the  tranemimion  of  its  Kght 
through  a  hoie.  —  Fieree  a  thick  sheet  of  writing  paper  with  a  stout 


J^.  8. 

darning  needle;  hold  the  paper  between  a  lighted  candle  and  the  wall 
of  the  room :  an  inverted  image  of  the  candle  will  be  thrown  upon  the 
wall ;  move  the  paper  fbrwards  or  backwards,  until  you  have  attained 
that  positian  which  gives  the  most  distinct  image :  you  have  then  got 
thefocus. 

This  effect  is  simply  due  to  the  principle  that  light  u  propagated  m 
etraight  lines.  The  rays  of  light  proceeding  from  the  object  cross  one 
another  in  passing  through  the  orifice  O ;  the  rays  ftom  the  top  A  of  the 
candle,  pursuing  the  straight  line  A  O  B,  fhll  upon  the  wall  at  B ;  and, 
in  like  manner,  the  rays  from  the  bottom  C  of  the  candle  fall  upon  the 
wall  at  D,  thereby  {oodudng  an  inverted  image  of  the  candle  upon 
thewalL 

Bring  the  candle  nearer  to  the  waD,  and  at  the  same  time  shift  the 
positioif  of  the  orifice  so  as  to  adjust  the  focus,  and  you  obt||iii  an  image 
of  smaller  size,  but  of  more  intensity. 

Exp.  2.  ^  Place  an  empty  vessel  so^as  to  make  the  shadow  of  its  edge 
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Fiff.^ 


Fiff.  10. 


to  feU  exactly  at  the  lower  angle  6  — thatii,ao 
that  the  ray  of  light  proceeding  from  the  candle 
shall  be  in  the  direction  tdb;  now  fill  the yessel 
with  water,  and  the  light  ftom  the  refraction  of 
the  liquid  will  be  extended  orer  the  bottom  of 
the  veMel,  as  ahown  in  Fig.  9. 

£xp.  3.  Place  a  coin  C  at  the  bottom  of  an 
empty  tumbler ;  bring  your  eye  £  in  a  line  E  K  C  with  ^«dge  of  the 
glass  and  the  outer  edge  of  the  coin ;  without 
.  moving  your  eye,  pour  water  into  the  glass : 
the  whole  of  the  coin  will  now  beirisible^ 
that  is,  it  will  be  seen  in  the  direction  £  D  B. 
The  ray  C  D  upon  passing  out  of  the  water 
becomes  bent  in  the  direction  D  £,  eo  that  the 
edge  C  is  now  seen  in  the  direction  £  D  B. 

When  a  ray  of  light  is  thus  bent  from  its 
straight-lined  oouiaa,  it  is  aaid  to  undergo  rn 
/ruction* 

Light  idwaj9  undergoes  refraction  when  it  passes  obliquely 
(Vom  one  medium  to  another.  Bat  when  the  light  passes 
perpendicularly  from  the  surface  of  the  one  medium  to  that 
of  the  other,  it  is  not  altered  in  its  straight-lined  course. 

Exp.  4.  Fill  a  tumbler  with  water ;  place  the  leaf  of  a  book  close  to 
one  side  of  the  glass;  look  through  the  wnter  at  the  print ;  you  will  see 
it  much  enlarged.  Here  the  round  portion  of  the  glass  acts  as  a  convex 
Ictu,  which,  on  the  principle  of  refraction,  causes  the  print  to  appear 
larger  than  it  really  is. 

A  cylindrical  bottle  filled  with  water,  used  hi  this  manner,  makes  a 
good  microscope. 

A  good  ^rcadinff  fffate  may  be  fonned  tiy 
croBsmg  two  bottles  filled  with  deer  water,  aa 
shown  in  Fig.  11,  and  looking  through  the 
crossed  portion. 

Exp,  6.  Take  one  of  the  convex  lenses  of  an 
aged  person's  spectacles,  and  hold  it  between  a 
candle  and  the  wall  of  the  room ;  an  inverted 
image  of  the  candle  will  be  thrown  upon  the 
wall;  more  the  lens  forwards  or  backwards 
until  you  haye  sHained  that  position  which 
gives  the  most  distinct  image;  you  have  then  got  the  focus xiftSie  leos. 

Here  the  central  rays  c  F  C  pass  perpendicularly  tfaroq^'te  kn 
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and  undergo  no  refraction ;  the  extreme  rays  a  D,  fiilling  obliquely 
upon  the  lens,  are  bent  in  passing  through  it,  and  are  thus  bent  or  re- 
fracted into  the  course  D  A ;  in  like  mannor,  6  £  is  refracted  into  the 
direction  E  B ;  and  hence  the  image  of  the  candle  appears  inverted.         ' 

£171.  6.  Look  through  the  spectacle  eye  upon  some  print;  more  the 
lens  up  or  down  until  you  have  got  the  focus ;  the  print  will  appear 
oopsiderably  enlarged. 

Perform  the  same  experiment  with  the  lens  of  the  spectacles  used  by 
a  short-sighted  person ;  the  print  will  appear  smaller  than  it  really  is. 
In  this  case,  the  lens  is  hollow  or  concave. 

Exp.  7.  Take  any  piece  of  cut  glass,  such  as  the  stopper  of  a  de- 
canter bottle,  and  hold  it  between  your  eye  and  the  light ;  keep  turning 
it  round,  and  you  will  See  all  the  colors  of  the  rainbow.  A  triangular 
piece  of  cut  glass,  called  a  glass  prism,  will  answer  the  purpose  best. 
Here  the  rays  of  light  are  decomposed,  by  refraotion,  into  their  difibnent 
colored  pencils  of  light. 

Esgf.  8.  JbproduM  an  artificial  rainbow,  —  When  the  sun'  is  shining 
near  the  horizon,  get  a  person  to  prqject  water  fitnn  a  wet  broom ;  place 
yourself  between  the  sun  and  the  scattered  water,  having  your  fiioe 
towards  the  shower  of  drops,  and  you  will  observe  all  the  colored  tints 
of  the  rainbow.  Here  the  little  drops  of  water  obviously  decompose  the 
light. 

Exp.  9.  (1.)  Observe  t&at  while  you  blow  a  soap  bubble,  the  varied 
tints  of  the  rainbow  may  be  aaen  reflected  finm  the  thin  film  of  fluid 
fbnning  the  bubble.  The  varying  thinness  of  the  film  produces  these 
changes  of  colon 

(2.)  Observe  abo  the  colors  exhibited  by  a  drop  of  oil  aa  it  spreads 
itsdf  over  the  surfisce  of  water. 

(3.)  Take  a  watch  glass  and  a  piece  of  common  window  glass;  pren 
the  two  steadily  together,  and  luminous  rings  will  be  seen  about  their 
point  of  contact. 

These  phenomena  depend  upon  what  has  been  called  the  imUtfermc$ 
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Exp»  10.  (1.)  Hold  a  fine  needle  cloee  to  one  eye,  the  other  hong 
ehut ;  and  look  fixedly  at  it,  against  any  light  olject  as  a  background ; 
you  'Will  flee  several  needles. 

(2.)  Make  a  straight  cut  in  a  piece  of  card  board;  look  through  the 
narrow  opening  at  the  candle ;  on  each  side  of  the  r^  candle  you  will 
see  other  candles  marked  with  the  colors  of  the  rainbow. 

(3.)  If  the  light  of  the  sun  be  admitted  into  a  dark  xxxnn,  by  a  very 
narrow  chink«  several  luminous  chinks,  separated  by  dark  bands,  will  be 
visible  on  the  opposite  wall. 

(4.)  Suspend  a  black  ball  in  the  sunlight ;  the  round  shadow  of  the 
ball  will  ccmtain  bands  of  light. 

These  phenomena  depend  upon  what  has  been  called  the  diffrneHon 
of  Ught, 

BEFLECTION   OP  LIGHT  FROM    CONCAVE   AND   CONVEX 
MIRRORS. 

11.  Mirrors  are  divided,  according  to  the  form  of  their 
surfaces,  into  plane^  convex,  and  concave.  The  common 
looking  glass  is  a  plane  mirror. 

The  law  of  the  reflection  of  light,  which  has  been  ex- 
plained, holds  equally  true  with  respect  to  convex  and  con- 
cave reflectors. 

Let  acb  represent  a  plane  miiTor,/c  g  a  convex  mirror,  and  dee  a 
concave  mirror,  all  touching  each  other  in  the  common  point  c;.  cla 


Fig.  13. 


perpendicular  to  the  plane  ab;  A;  c  the  direction  of  the  incident  ray,  and 
c  A  the  direction  of  the  reflected  ray ;  then  kcl  will  be  the  angle  of  in- 
cidence,  and  I  c  h  the  angle  of  reflection,  to  any  of  these  miirors,  and 
these  angles  will  always  be  equal  to  each  other — that  is,  angle  «  will  be 
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equal  to  angle  y,  and,  as  a  necessary  conseqaenee,  angle  lo  will  be  «(jaal 
to  angle  t.  It  will  be  observed  that  a  h  forms  a  tangent  to  the  oanred 
miirors  at  the  point  of  contact  <r,  and  that  0/18  perpendiciilar  to  the 
CDjres  at  the  point  c,  being  perpendicular  to  the  tangent  line  a  b. 


12.    CONCAVE  MIRROBS. 

The  general  effect  of  concave  mirrors  is  to  produce  an 
image  larger  than  the  object  itself. 

Let  8  V  a  (Fig.  14)  represent  a  concare  mizror;  e  its  centre,  that  is,  d 
is  the  centre  of  the  circle  a  v  a  ;  r  a  luminous  point,  or  the  flame  of  a 
small  candle ;  then  incident  rays  r  «, 
r  8,  falling  upon  the  surface  of  the 
mirror,  will  be  reflected  to  the  same 
point  t,  in  the  directions  at^st^  mak- 
ing the  angle  of  incidence  r  a  c  equal 
to  the  angle  of  reflection  cat.  At  the 
point  t^  called  the  focus  of  the  mirror, 
a  small  image  of  the  luminous  object 
will  be  formed,  which  may  be  received 
upon  a  piece  of  thin  white  paper.  The 
line  e  v  produced  is  called  the  axis  of 
the  reflector. 

The  points  r  and  t  are  convertible ;  that  is  to  say,  if  the  flame  of  the 
candle  be  placed  at  t,  then  r  becomes  the  focus,  and  an  enlarged  image 
of  the  candle  will  be  formed  at  this  point. 

When  the  rays  of-  light  r  *,  r'  *',  &c., 
(Pig.  15,)  fall  npon  the  concave  mirror 
«  V  a\  parallel  to  the  axis  e  v,  they  are 
reflected  into  a  point  /,  exactly  midway 
between  the  reflector  and  its  centre  c. 
The  point /is  called  the  principal  focus, 
and  its  distance/©  from  the  speculum  or 
reflector  is  called  the  principal  focal  dis- 
tance. 

In  Fig.  14,  /  is  the  principal  focus, 
making  /  r  5=/  c;  t  is  a  focus  to  the 

rays  proceeding  from  a  luminous  point  at  r ;  in  this  case  the  incident 
rays  are  not  parallel  to  the  axis ;  hence,  by  way  of  diltinction,  the  focus 
of  parallel  rays  is  called  the  principal  focus. 

When  the  raj^  of  light  come  from  a  point  r  beyond  the  centre  r, 

m  hi  Fig;  14,  the  reflected  rays  will  all  coHTttge  to  the   fi^cuff  t 
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between  the  principal  focus  /  and  the  centre  e 
of  the  speculum ;  on  the  contrary,  if  the  rays 
of  light  come  from  a  point  r  (see  Fig.  16)  be- 
tween the  mixTor  and  the  principal  focus*  the 
reflected  rays  9q,s  q\  &c,  will  all  direrge  from 
the  axis  V  c.  If  the  luminous  body  be  placed  in  * 
the  principal  focus  /,  (see  Fig.  15,)  then  the  re- 
flected rays  sr,  sr',  &c,  will  all  be  parallel  to 
one  another. 

The  image  of  the  object  is  inverted.  Let  D  £ 
be  the  concaye  miixor,  (see^Fig.  17 ;)  C  its  centre ;  A  B  a  distant  olgect 
placed  before  it ;  and  a  6  its  inverted  image,  reflected  from  the  m&ror. 
Here  the  incident  rays  A  D,  proceeding  from  the  pcnnt  of  the  anew. 


Fig.  17. 

are  reflected  in  the  direction  D  o,  making  the  angle  of  reflection  C  I)  a 
equal  to  the  angle  of  incidence  ADC;  and  the  incident  rays  B  £,  pro- 
ceeding from  the  foot  of  the  arrow,  are  reflected  in  the  direction  £  6» 
making  the  angle  of  reflection  C  E  6  equal  to  the  angle  of  incidence 
B  £  C ;  and  so  on  to  other  points ;  thereby  producing  the  little  inyerted 
image  a  6  of  the  arrow  in  the  focus  of  the  reflector. 

If  a  small  object  be  placed  at  the  focus  a  5,  then  an  enlarged  image 
will  be  formed  at  A  B. 

Exp»  1.  Place  a  candle  at  a  ^stance,  opposite  to  a  concave  mirror, 
(sec  Fig.  17  0  hold  a  thin  piece  of  white  paper  near  the  surfiEice  of  the 
mirror ;  a  small,  bright,  inverted  image  of  the  candle  will  be  thrown  upon 
the  paper ;  move  the  paper  backwards  or  forwards  until  you  iiave  got 
the  exact  focus.* 

£rp.  2.  Reverse  the  last  experiment,  that  is  to  say,  place  the  candle 
in  the  focus,  and  then  an  enlarged  image  will  be  thrown  upon  the  paper 
placed  at  A  B. 

Exp*  8.  Hold  t^e  concave  nuxior  facing  the  sun;  hold  a  piece  of 
paper  in  the  focus,  and  an  intensely  bright  image  will  be  fonned,  which 


•  A  common  tin  reflector  answers  Very  well  for  making  these  experiments 
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'Will  almost  instantly  ignite  the  paper.  This  foima  a  burning  minar. 
In  this  case  the  luminous  image  lies  in  the  principal  focus  of  the  re- 
flector. 

Exp,  4.  Place  the  candle  in  the  principal  focus  of  the  reflector ;  the 
rays  of  light  -will  all  be  reflected  parallel  to  the  axis,  and  will  illuminate 
the  wall  of  the  room  upon  which  they  are  thrown.  Bring  the  candle 
still  nearer  to  the  reflector,  and  the  reflected  rays  will  aU  diyerge  from 
the  axis,  and  will  illuminate  a  greater  extent  of  surface. 

Ea^.  6,  Place  the  olgect  N  S  between  the  mirror  and  principal  fix^us 


Fig.  18. 

/,  as  shown  in  Fig.  18  ^  an  enlarged  image  of  the  object  will  be  seen,  in 
its  erect  position,  behind  the  mirror. 

Exp.  6.  The  magic  mirror, — Place  a 
small  object  «  n,  concealed  from  the  view 
of  the  observer,  between  the  centre  c  and 
the  prmcipal  focus  /;  receive  the  enlarged 
image  N  S  through. an  opening  cut  in  a 
board ;  look  in  the  direction  of  this  opening, 
and  you  will  see  the  image  suspended,  as  it 
were,  in  the  air. 

This  effect  is  easily  explained  on  the  prin- 
ciples which  have  been  already  expounded. 


Fig.  19. 


13.    CONVEX  MIRRORS. 

The  principal  focus  of  a  convex  mirror  lies  as  far  behind 
the  reflecting  surface  as  in  concave  mirrors  it  lies  before  it. 
The  focus  in  this  case  is  called  the  virtual  focusy  because  it  is 
only  an  imaginary  point,  towards  which  the  rays  of  reflection 
appear  to  be  directed. 

Let  N  S  be  an  object  placed  before  a  convex  mirror,  (see  Fig.  20 ;) 
c  the  geometrical  centre  of  the  minxir ;  /the  principal  focus ;  X  A  aa 
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The  inoteit  nns  X  !>»  M  p.  ae  «m  m  tike  «netiM  I>  ■»  F  »; 
■ndNG»XH,«eaKBBdhedBeeciaaKGa.H».-  wine dhe dfataee 
A  »  and  F  ■  belaiid  dhe  ■dnoB  Wve  a  eottii  caoc^oodaMe  vith  tfae 
koftlKpaiiitsMniXafiattaftlK^BaB. 


THB  REFKACnOX  OF  UGRT. 

14.  Thefblbwh^remarUblekwobftiiiisiDidit^ 
refraction  of  light :  When  a  nj  of  l^t  pssBes   from  one 
transparent  medium  to  another,  tke  time  of  dU  am^  of  imei' 
denee  has  always  a  constant  ratio  to  the  sine  of  the  amgk  of 
refraction. 

Suppose  m  ft  be  the  surface  of  water,  (see  Fig.  83 ;)  «  4  tiie  i 
ray,  making  with  the  peqiendimlar  khd  the  mnfU  ef  i 
abd;  be  the  refaicted  ny  bent  from  the  xigbt  fine  m  b/,  and  i 
ih»Qngllto/reJraeiianf,ar€bh.   'Whh6asaecntre,denibe  thechde 
.udcs  and  cm  A  d let  &I1  the  penpakBcohos  •  ^mdeki  timayli 
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called' the  sin^  of  t?ie  angle  of  inei- 

dence,  and  c  A  is  called  the  ^uu  of 

the  angle  (^refraction,  and  those  two 

lines  have  always^a  constant  ratio  to 

each  other,  yis.,  as  4  to  3,  or  as  1.336 

to  1,  whatever  (within  certain  re- 

strictioos)  may  be  the  angle  at  which 

the  ray  a  b  meets  the  suz&ce  of  the 

fluid.    The  number  1.336  is  called 

the  index  of  refraction   for  water. 

Whfen  the  medium  is  flint  glass,  the 

sine  of  the  angle  of  incidence  a  gis 

to  the  sine  of  the  angle  of  refraction 

eh  as3to2,  orasl.5istol  nearly. 

The  number  1.5  is  caUed  the  index  of  refraction  for  flint  glass.    GhM^ 

therefore,  has  a  higher  refitictiTe  power  than  water.    Generally  speaking, 

the  denser  the  medium  the  higher  ie  its  refractive  powers. 

When  a  ray  of  light  passes  from  a  rare  to  a  dense  mediumy 
as,  for  example,  from  air  to  water,  the  refracted  raj  is  bent* 
towards  the  perpendicular;  so,  conversely,  when  the  raj 
passes  from  a  dense  to  a.  rare  medium,  the  refracted  ray  is 
bent  from  the  perpendicular. 

Newton  accounted  for  the  refraction  of  light  on  the  supposition  that 
media  of  difiierent  compositions  exert  an  attractiTS  power  on  the  tays  of 
light  when  they  approadi  their  respective  boundaries :  thus  the  fluid 
m  ft  (see  Fig.  23)  is  supposed  to  exert  an  attractive  influence  upon  the 
incident  ray  a  b,  ^hen  it  approaches  the  surface  m  n,  and  thereby  bends 
the  course  of  the  ray  downwards. 


Passage  of  a  Ray  through  a  Plate  of  Glass. 

15.  The  ray  will  be  bent  downwards  upon  enter- 
ing^e  plate,  but  it  will.be  bent  as  much  in  the  con- 
trary direction  upon  passing  out  of  the  plate,  as 
shown  in  Fig.  24,  so  that  the  course  of  \he  ray  after 
refraction  will  be  parallel  to  the  direction  which  it 
had  before  refraction. 


Fig.  24 


Passage  of  a  refracted  Ray  through  a  Prism, 

16.  I^  C  (Fig.  26)  be  a  prison  of  glass ;  a  r  the  incident  ray  falling 

perpendicularly  on  one  face  of  tEe  prism ;  then  the  ray  '^dll  imdergo  no 

13*       ' 
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xefimctKHi  on  entering  the  prism,  for  it  will  pur- 
sue the  straight  oouxse are;  but  upon  leaving 
the  oblique  face  of  the  prism,  the  xay  will  be  bent 
towards  the  surfiBce  of  the  glass,  or,  what  is  the 
same  thing,  it  will  be  bent  fiom  the  perpendic- 
ular e  m,  and  will  move  on  in  the  direction  o  £. 
If  the  incident  rays  had  been  inclined  to  the 
plane  of  the  first  face,  they  would  have  unde 
gone  two  different  refinactums. 


Fig.  26. 


The  MuUiplying  Glass. 

17.  A  I)  C  B  represents  a  section  of  a  piece  of  cut  glass  having  three 
fiAces,  A  D,  D  C,  and  C  B,  inclined  to  one  another,    d}  d  d!^ 

as  shown  in  Fig.  26 ;  d  an  otgect  placed  in  front 
of  the  fiice  A  B ;  then  an  eye  at  a  will  see  three 
distinct  images  of  the  object,  llie  rays  d  b  un- 
dergo refraction  in  passing  from  the  face  A  D,  and 
dhin.  passing  from  B  C,  and  so  on  to  the  other 
fruses.  The  number  of  images  seen  always  corre- 
sponds to  the  number  of  inclined  faces  in  the  mul- 
tiplying glass. 


Refraction  in  Lenses  or  Glasses  with  curved  Faces. 

18.  There  are  six  different  formg  of  simple  lenses. 

Na  L,  Fig.  27,  r^nesents  a  double  convex  lens ;  No.  II.  a  plano^ 
oonvex  lens ;  No.  III.  a  tneniiettt  lens,  like  a  watch  glass ;  No.  lY.  a 
double  concave  lens ;  No.  V.  a  plano-concave  lens ;  and  No.  VL  a  «m- 
eavo'convex  lens. 


2i«     in* 


Fig.  27- 


Fig.  28. 
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Dejinitiona  relative  to  lenses,  —  The  line  p  q  (see  Fig.  28)  is  called 
the  diameter;  c  the  geometric  centre;  c  n  the  axis;  m  the  optical 
dentre  ;  /  m  o  a  principal  when  it  passes  through  the  optical  centre. 

Radii,  e  nt  e  s,  &c.,  bi&g  at  right  angles  to  the  carved  surface,  con- 
stitute the  perpendiculars  &om  which  the  angles  of  incidence  and 
refraction  are  eBdmated. 

FOCAL    DISTANCES    OF    LENSES. 

19.  Double  convex  lenses,  —  When  the  incident  mys  are  parallel,  the 
distance  of  the  focus  /is  equal  to  the  radius  of  the  spherical  surface,  as 
shown  in  Fig.  29.    Here/  is  called  the  principal  focus. 

"When  the  incident  rays  are  divergent,  as  in  Fig.  30,  the  focus  r  lies 
beyond  the  principal  focus/. 


Fig,  29.  Fig.  30. 

When  the  incident  rays  are  convergent^  as  in  Fig.  31,  the  focus  r  lies 
within  the  principal  focus. 

20.  Plano-convex  lenses,  —  When  the  incident  rays  are  parallel,  the 
distance  of  the  focus  r  is  equal  to  the  diameter  of  the  spherical  sur&ce, 
as  sbo^i^  in  Fig.  32. 


Fig,  31.  Fig.  32. 

21.  In  the  double  convex  lens  L  L,  Fig.  33,  O  and  O'  are  the  centres 
of  the  surfaces  of  the  lens,  and  also  the  principal  foci ;  R  the  radiating 
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point ;  F  the  focus ;  and  when  R  approaches  to  P,  the  focus  F  leoedea 
to  P' ;  and  when  R  comes  to  O',  the  focus  is  infinitely  distant. 

22.  Double  concave  ktufes.  —  Divergent  incident  rays  diverge  still  more 
after  refraction,  and  seem  to  proceed  from 
a  point  nearer  to  the  lens  than  that  from 
which  they  actually  proceed,  as  Bhoi^ni 
in  Fig.  34,  where  the  rays  proceeding 
from/'  are  refracted  towards  r,  and  ap- 
pear as  if  they  had  emanated  from  W. 
And  so  on  to  other  cases. 

The  foci  of  lenses  may  be  readily  found 
by  the  methods  of  trial  explained  at 
page  146,  &c. 


1^.34. 


IMAGES   OF   OBJECTS   FORMED   BY   LENSES. 

.  23.  Convix  letuea,  —  If  the  object  N  S  lie  beyond  the  principal  focus, 
as  shoi^ii  in  Fig.  35,  the  image  »  a  will  be  inverted.  If  the  object  be 
very  remote,  as  in  the  case  of  the  sun,  then  the  image  will  be  formed  in 
the  principal  focus  /;  in  this  case  the  image  will  be  very  small.    If  the 


•  Fiff.  35* 

distance  of  the  olject  be  equal  to  twice  the  principal  focal  distance,  the 
image  will  be  at  the  same  distance  on  the  other  side  of  the  lens,  and  of 
the  same  size  as  the  object. 
If  the  distance  of  the  object  be  still  further  diminished,  yet  not  within 


Fif/.  36. 


the  principal  focal  distance,  the  image  -will  recede  from  the  lens,  and  its 
N  dimensions  will  be  increased  accordingly,  as  sho\^Ti  in  Fig.  38. 
\If  the  object  N  S  be  brought  within  the  principal  focal  distance,  as 
sho^  in  Fig.  37,  an  eye  at  the  focua/ will  see  an  enlarged  image  of  the 


otgect  at  n  «.    In  thifl  c|pe  the  xefracted  rays  do  not  croM  each  other,  and 
hence  the  image  is  Been  erect. 


tl^.«-^-- 


Fiif.  37. 


Fig.  28. 


Convex  lenses  are  called  magkiftiko  olasses,  because 
they  tiius  increase  the  apparent  size  of  objects  viewed  through 
them. 

24.  Concave  lenses.  —  These  lenses  diminish  the  apparent 
size  of  objects ;  hence  thej  are  called  diminishing  glasses. 

An  object  N  S,  (see  Fig.  38,) 
viewed  £nom  the  point  /,  will  pre- 
sent a  small  image nain  the  vir- 
tual focus. 

All  the  phenomena  relative  to 
convex  and  concave  lenses  are  pre- 
cisely analogous  to  those  produced 
by  concave  and  convex  mirrors. 

25.  Distortion  of  images  produced  hy  spherical  aherra" 
tion.  —  The  images  of  objects  produced  by  spherical  lenses 
and  mirrors  are  only  true  for  the  rays  which  lie  near  to  the 
axes.  The  rays  which  fall  at  a  distance  from  the  axes  pro- 
duce distortions  in  the  images,  which  have  been  called  spheri- 
cal aberrations.  In  order,  therefore,  to  produce  a  tolerably 
correct  image,  it  is  necessary  that  the  extreme  rays  falling 
upon  the  lenses,  or  upon  the  mirrors,  as  the  case  may  be» 
should  be  excluded  from  the  other  rays  forming  the  picture. 

There  are  other  devices  for  effecting  this  purpose,  which  would  be 
foreign  to  the  object  of  this  work  to  explain  very  minutely. 

Descartes  discovered  that  a  concave-convex  lens,  A  L  a  L,  (Fig.  39,) 
having  for  its  convex  surface  a  portion  of  an  ellipse,  could  be  made  so  as 
to  correct  any  spherical  aberratien ;  and  Sir  J.  Henchd  <£soovered  that 
the  same  »i|^  be  effiscted  by  two  leDsas,  A  B  aa4  C  I>»  (Si%^  40.) 
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Fig.  2/^. 


Fig,  40. 


26.  CmuHe  eurvet  firmed  by  refleeUon.  —  The  rays  of  light  reflected 
ftaoL  the  different  points  of  a  concave  reflectcnr  M  B  N,  (Fig.  41,)  cron 
one  another  at  particular  points,  and  thus  a  luminous  curve  of  rd&ected 


light,  known  by  the  name  of  the  caustic  curve,  is  fcmned.  B  1,  R  2, 
R  3,  &c.,  are. the  incident  rays  proceeding  from  the  luminous  point  R» 
and  1  1,  2  2,  3  3,  &c.,  are  their  respective  reflected  rays ;  the  luminous 
intersections  form  the  caustic  curve  M  F  N. 

To  observe  this  curvje,  place  a  lighted  candle  at  a  little  distance  from  a 
basin  about  one  half  full  of  milk ;  then  a  luminous  curve  will  be  teen 
upoi)  the  surface  of  the  milk. 


OPTICAL    INSTRUMENTS. 

THE   HUMAN    EYE. 

27.  The  eye  ia  a  lens  of  the  inost  delicate  and  elaborate 
construction.    The  eye  is  so  constructed  that  it  forms  images 
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of  external  objects  upon  a  thin  screen  of  nerves  communicat- 
ing \i'ith  the  brain,  and  thus  the  sensation  of  vision  is  pro- 
duced. There  is  nothing  in  nature  which  more  fully  demon- 
strates the  existence  of  a  great  and  beneficent  Creator  than 
the  adaptation  of  the  human  eye  to  the  purposes  for  which  it 
is  designed  to  serve.  Let  us  look  more  minutely  into  the 
construction  of  this  wonderful  organ. 

The  eye  is  nearly  spherical  in  figure  ;  it  consists  of  several 
membranes  or  coats,  the  anterior  or  front  portions  of  which 
are  transparent,  so  as  to  admit  the  rays  of  light  proceeding 
from  external  objects  into  the  interior  of  the  eye.  These 
coat^  enclose  two  colorless  fluids  or  humors,  separated  from 
each  other  by  membranes ;  the  anterior  portion  being  called 
the  aqueous  humoTy  and  the  posterior  portion  the  vitreous 
iumoTn  In  the  centre  of  this  partition  is  a  circular  aperture, 
or  hole,  for  the  admission  of  light,  called  the  pupil  of  the  eye, 
behind  which  is  a  double  convex  lens,  called  the  crystalline 
lens.  Opposite  to  this  lens  is  the  optic  nerve,  which  extends 
itself  over  the  inner  surface  of  the  eye.  The  eye  is  sur- 
rounded by  bones,  and  is  moved  by  Various  muscles.  The 
optic  nerves  of  both  eyes  unite  in  a  common  nervous  cord 
which  communicates  with  the  brain. 

Fig.  43  represents  a  front  yiew  of  the  eye ;  and  Fig.  4^  a  sectional 
view  of  it.    The  same  letters  of  reference  are  used  in  both  fig:ures. 


Fig,  42.  Fiff.  43, 


akdct  the outermoet  membrane,  is  called  the  Sclerotic  codt :  it  forms 
the  w^te  of  the  eye ;  a  b  c,  the  projecting  transparent  part,  is  called  the 
Cornea;  e  is  the  Crystalline  lens  suspended  between  the  Ciliary  Processe$ 
g  A,  which  divide  the  eye  into  two  chambers,  I  and  gmnh;  the  smaller 
and  anterior  portion  I  is  fiU^  with  the  Aqvi^wts  htmor,  and  the  larger 


156         KATDRAL   AND   BXPBBDCEHTAL  PHIL080PHT. 

and  potterior  portian  with  the  Vitreom  hwnar;  the  fanner  humor  is  Hka 
vater,  and  the  latta  somewhat  hke  a  jdly,  but  both  are  colorless  and 
highly  tnmspaient,  and  have  about  the  same  refractive  powers  as  water, 
which  is  also  the  case  with  respect  to  the  crystalline  humor.  ^  m  n  A  is 
the  Choroid  coat,  lining  the  whole  of  the  interior  surface  of  the  sclerotic 
coat,  in  the  form  of  a  Uack  slimy  pigment  or  paint,  to  prevent  any  re- 
fleotion  of  light  taking  place  within  the  eye.  Between  the  crystalline 
lott  and  the  cornea  is  the  IrU  kale,  which  gives  the  peculiar  color  to 
the  zing  of  the  eye,  in  the  middle  of  which  is  the  Pt^  I,  which  has  the 
power  of  expanding  and  contracting  to  suit  the  intensity  of  the  light. 
/  is  the  Opiic  Nerve,  which  passes  through  the  sclerotica  and  spreads 
itself  over  this  ooat  in  a  reticulated  form  m  n,  or  in  the  form  of  network, 
and  is  called  the  IletirM,  The  nerves  of  the  two  eyes,  as  we  have  already 
obaerved,  unite  in  a  common  nervous  cord  which  oommnnicates  with  tha 
brain. 

Now,  when  rays  of  light  from  any  luminous  object  fall  upon  the  eye, 
they  pass  through  the  t>upil,  and  then  become  refracted  by  the  crystal- 
line lens  in  the  same  manner  as  by  any  other  double  convex  lens,  and 
then  converge  to  a  focus  at  the  retina,  where  a  small  inoerted  image  of 
the  olject  is  formed,  which,  acting  on  the  fine  network  of  nerves,  pro- 
duces the  sensation  of  vision.  It  must  be  observed  that  the  aqueous  and 
vitreous  humors  also  influence  the  refrtictiaa  of  the  light. 

When  the  lenses  of  the  eye  are  too  round,  or,  it  may  be, 
too  dense,  the  rays  of  light  are  brought  to  a  focns  before  they 
roach  the  retina :  this  takes  place  with  short-sighted  people ; 
on  the.  contrary,  when  the  lenses  are  too  flat,  or  too  thin,  the 
focus  of  the  rays  lies  beyond  the  retina:  this  takes  place  with 
aged  people,  who  are  said  to  be  long-sighted.  To  correct  the 
foous  of  vision,  short-siglitcd  persons  use  concave  glasses,  and, 
on  the  contrary,  loijg-sighted  persons  use  convex  glasses. 

An  otjoft  appears  1cm  and  less  as  its  distance  from  us  is  increased. 
Thus  the  arrow  at  A  U  (Fig.  44)  will  appear  larger  to  the  eye  E  of  a 
ytm'ff^  than  it  would  do  nt  T)  C,  If  the  apparent  lengths  of  the  arrow 
\\\  (brse  two  po<iltlons  »)p  iiinwured  by  means  of  a  pencil  or  little  rod,  we 
nhall  And  that  the  arniw  at  A  B  will  appear  of  the  size  a  &  on  the  pencil, 
whflH«s  tJw  oiTow  at  U  C  will  upiwar  only  of  the  size  d  c  on  the  penciL 

In  Judging  of  tlio  actual  size  of  an  object,  we  always  take 
ffih)  ttooount  the  distance  at  which  it  is  seen. 
Ilwii  »i*^'»"'»*'  -  hoy  near  at  hand  may  appear  to  us  lazger  thana 
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Fig,  44, 

man  at  a  distance,  yet  we  always  finm  a  correct  idea  of  their  xdatiTe 
«iitnonainnft  by  makbig  an  allowance  iaj:  the  effect  of  distance. 

We  form  a  judgment  of  the  distance  of  an  object  by  the 
number  and  size  of  the  intervening  objects,  and  hj  the  dis- 
tinctness or  indistinctness  of  its  outline. 

The  spire  of  a  church,  as  it  appears  in  the  &r  horizon  piercing  the  sky« 
may  be  very  lofty,  or  it  may  be  scarcely  higher  than  an  ordinary  build- 
ing ;  but  there  are  men  and  carriages,  fields  and  cattle,  forests^and  houses, 
hiUs  and  valleys,  between  us  and  that  spire,  and,  bcades,  the  windows  in 
its  tower  are  so  indistinct  that  they  can  scarcely  be  distinguished ;  from 
all  this  we  conclude  that  the  spire  is  a  great  distance  off,  and  that  it  is 
very  lofty.  A  man  seen  through  a  fog  sometimes  appears  to  us  like  a 
giant ;  how  is  this  ?  The  fog,  wl^e  it  throws,  as  it  were,  a  veil  over 
the  intervening  objects,  causes  the  object  to  appear  indistinct,  and  there- 
by gives  us  a  false  impression  with  respect  to  its  actual  distance ;  that  is 
to  say,  the  fog  causes  us  to  believe  that  the  man  is  at  a  greater  distance 
from  us  than  he  really  is,  and  thus  we  are  led  to  assign  to  him  an  unu- 
sual magnitude.  We  make  the  same  allowance  for  distance,  &c,  with 
respect  to  the  objects  represented  in  a  picture,  that  we  do  whea  looking 
at  the  actual  objects. 

The  angle  formed  by  the  rays  of  light  passing  from  the  top 
and  bottom  of  an  object  to  the  eye  is  called  the  visual  angle 
or  the  optic  angle. 

Thus  the  visual  angle  of  the  arrow  at  A  B  (see  Fig.  44)  is  the  angle 
A  £  B  ;  whereas  the  visual  #ngle  of  the  arrow  at  D  C  is  the  ang^e 
DEC,  where  it  will  be  observed  that  the  visual  angle  formed  by  an  ob- 
ject becomes  less  and  less  as  the  object  recedes  from  the  eye ;  cr,  what 
amounts  to  the  same  thing,  the  apparent  magnitude  of  an  oligect  ii  ia 
iroportiQa  t9  its  visual  aQ4;;le.  ^ 

U 
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In  like  nuHmer,  the  tzaveUer  at  6'  <f  will  hsve  the  same  apparent 


magnitude  to  the  eye  at  a  as  the  distant  cross  d,  because  the  yisoal  an- 
gles d'  a  <f  and  6  a  d  are  equal  to  each  other. 

In  order  to  understand  the  way  in  which  the  eye  receives  impressions 
of  objects,  let  us  suppose  that,  in  Fig.  46,  J^  represents  a  section  of  the 
hxmian  eye,  P  the  pupil  in  front,  £  the  cryatalline  lena,  in  which  all  the 
rays  are  refracted  and  cross  each  other,  k  q  the  concave  surface  of  the 
back  of  the  eye,  called  the  retina,  on  which  the  image  of  the  object  is 
projected ;  moreover,  let  us  sufpoee  that  the  eye  of  the  person  is  looking 
at  the  cross  A  B  C  D,  and  that  Q  H  O  N  represents  a  picture  frame  in 
which  a  pane  of  glass  is  inserted,  having  its  surface  coated  with  gmn 
arabic  so  that  chalk  lines  may  be  traced  upon  it,  giving  the  picture  chda 
of  the  cross :  then  rays  of  light  will  proceed  from  every  part  of  the  cross 
C  B  to  the  eye,  or,  what  is  the  same  thing,  from  every  part  of  the  pic- 
ture c  6  to  the  eye,  and  will  form  the  inverted  image  mp  of  the  cross 
upon  the  retina ;  thus  it  will  be  understood  that  the  object  and  its  pic- 
ture would  form  the  same  image  upob  the  retina,  for  the  pmnt  6  inter« 
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Fig.  46. 

cepts  the  view  of  B,  c  that  of  C,  o  that  of  A,  and  so  on.  Now  if  "we 
move  the  cross  B  C  to  F  6,  the  picture  f^  on  the  glass,  as  well  as  the 
image  h  q  upon  the  retina,  would  be  much  larger ;  thus  it  appears  that 
the  image  on  the  retina  it  larger  or  smaller  as  the  oHiject  advances  to  or 
recedes  from  the  eye  of  the  spectator, 
When  an  object  is  brougl^plDo  near  the  eye^  the  angle  of  Tiaion  and 
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the  image  of  the  olgect  become  so  enlarged  that  the  image  is  thrown 
heyond  the  retina,  which  occasions  us  to  see  the  object  indistinctly. 
Peisons  of  ordinary  -vision  cannot  see  objects  distinctly  when  they  are 
within  the  distance  of  six  or  eight  inches  ftam.  the  eye. 

iTH£  MICBOSGOPE. 

29.  The  microscope  magnifies  the  images  of  minute  ob- 
jects, and  enables  us  to  see  them  with  greater  distinctness. 
This  is  effected  by  enlarging  the  visual  angle  ;  for,  as  we  have 
shown,  every  object  appears  larger  according  as  we  increase 
this  angle. 

77ie  Singh  Mcroscope* 

29.  The  single  microscope  oon- 
sistB  of  a  single  convex  lens  m, 
with  a  very  short  focal  distance. 
An  eye  at  a  (see  Fig.  47)  would 
see  the  arrow  b  c  under  the  visual 
angle  b  a  c;  but  when  the  lens  m 
is  inteiposed,  it  is  seen  under  the 
visual  angle  B  a  C,  and  hence  it  pig,  47. 
appears  much  enlarged,  as  shown 
in  the  image  B  C.  The  principles  of  refraction  upon  "which  this  depends 
have  already  beenexplained. 

In  order  to  see  the  image  distinctly,  it  is  of  course  requisite  that  the 
object  should  be  placad  in  the  focus  of  the  lens. 

Concave  miirors  may  be  also  used  as  microscopes.    (See  Fig.  19.) 

Tlie  Compound  Microscope. 

30.  The  Gomxx)und  microscope  consists  of  two  or  more  convex  lenses, 
or  of  a  combination  of  lenses  and  concave  mirrors. 

Fig.  48  represents  a  compound  microscope  consisting  of  two  convex 
lenses  B  and  C.  The  first  lens  B  is  called  the  object  glass^  and  the  sec- 
ond C  the  eye  glass,,  a  b  ia  the  object ;  o*  6*  the  inverted  magnified 
image  formed  by  the  lens  B  ;  A  the  eye  ef  the  observer ;  a'  5'  the  image 
miagnified  again  by  the  lens  C,  and  seen  under  the'  enlarged  visual  angle 
a*  A  i*.  Now,  if  we  suppose  the  lens  B  to  have  a  magnifying  power  of 
26,  —  that  is,  if  the  image  a^  b^  equals  2d  times  a  b,  and  the  lens  C  to 
have  a  magnifying  power  of  4,  —  then  the  total  magnifying  power  of 
the  microscope  will  be  4  times  25,  or  100  —  that  is  to  say,  the  image  of 
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the  olgeoC  will  appeir  100  timcB  the  size  of  the  object,  and  the  Titual 


angle  a*  A  5*  will  be  IQa  1mm  the  visual  angte  which  the  object  itadf 
would  fonn  with  the  eye  at  A. 

The  microficope  enables  us  to  see  the  stnictore  of  yarious  minute  ob-^ 
jectB.  The  drawings  shown  in  Fig.  49  represent  the  ^ipearance  of  some 
minute  objects  when  seen  through  a  tderably  good  microicopei  A  n^ 
resents  the  wing  of  a  small  insect  called  meneUms  ;  B  and  C  the  hair  of 
the  bat;  ^zid^D  and  £  the  hair  of  the  mouses 


Fig.  49. 

Sometimes  mirron  are  placed  beyond  the  otjects,  to  throw  a  greater 
amount  of  light  upon  them. 

TH9   TELESCOPE. 

81.  Telescopes  are  used  to  magnify  the  images  of  distant 
objects ;  and  this  is  done  in  the  same  manner  as  in  the  micro- 
scope, viz.,  by  enlarging  the  visual  angle  at  which  they  are 
seen. 

There  are  two  kinds  of  telescopes  used  -—  re&actiDg  tele- 
scopes and  reflecting  telescopes. 
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Refrctcting  Telescopes. 

32.  The  astronomical  telescope  is  represented  in  Fig.  60.  It  consists 
of  two  convex  lenses,  C  and  B,  of  imequal  size  and  focal  length.  The 
eye  glass  B  has  a  much  greater  magnifying  ^wer  than  the  object  glass 
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C,  which  is  just  the  reverse  of  what  is  observed  in 
the  construction  al  the  compound  microscope  rep* 
resented  in  Fig.  48;  the  distance  of  the  lenses 
from  each  other  is  usually  equal  to  the  sum  of 
their  focal  lengths ;  the  eye  glass  B  is  fixed  in  a 
sliding  tube  for  the  purpose  of  adjusting  the  focal 
distance  between  the  two  lenses  to  suit  the  vary- 
ing distance  of  objects,  a  b  i^  the  distant  object ; 
a'  b'  its  image  formed  by  the  lens  C ;  B  the  eye 
glass  which  magnifies  this  image,  so  that  it  is  seen 
by  the  eye  A  magnified  at  a'  b'^^ 

The  nighi  glass  is  similar  in  its  construction  to 
the  astronomical  telescope. 

33.  The  terrestritU  telescope  is  rejirescntcd  in 
Fig.  51 ;  it  usually  consists  of  four  convex  lenses, 
L,  O',  O*,  and  O^ ;  it  may,  therefore,  be  regarded 
as  a  double  astronomical  telescope.  These  instru- 
ments show  objects  in  their  natural  position.  The 
lens  L  has  a  great  focal  length ;  O*,  O*,  and  O' 
are  three  double  convex  eye  glasses,  having  short 
equal  focal  distances  set  in  the  same  sliding  tube, 
so  that^the  posterior  focus  of  one  lens  may  exactly 
comcide  with  the  anterior  focus  of  the  next. 

This  sliding  tube  enables  the  observer  to  adjust 
for  the  focus  of  the  field  glass  L. 

34.   The  Galilean  telescope  is  represented  in  Fig. 

$1 ;  it  consists  of  a  convex  object  glass  L  and  a 

plano-convex  eye  glass  O.    The  inverted  image 

gf  b'  which  would  be  formed  but  fiar  the  lens  O, 

14* 


jng.Bi. 


162 


RATURAL  AND   KXPEHIMEKTAL  PHILOSOPHT. 


Fig,  62. 

which  by  itBTefrttctioQ  cauies  the  lays  to  direrge  from  one  another,  and 
thereby  fiinns  the  erect  image  a*  6*,  which,  of  comae,  ia  seen  by  the  eye 
at  an  enlarged  visual  angle.  This  instrument  is  now  chiefly  used  as  an 
cperaglau. 

Achromatic  Lenses. 

35.  The  instruments  just  deacribcd  have  two  great  defects :  (1.)  The 
defect  arising  from  spherical  aberration ;  (2.)  The  defect  arising  from  the 
colored  light  produced  by  the  prismatic  decompontion  of  the  light.  (See 
page  153.)  In  order  to  remedy  these  defects,  I>oUand  invented  what  are 
called  achromatic  lenses. 

The  achxomatic  lens  represented  in  Fig.  53  con- 
sists of  a  plano-concave  flint  glass  fitted  on  one 
face  of  a  double  convex  crown  glass. 

Light,  upon  passing  through  a  glass  lens,  is  dit- 
peraed  —  that  is,  the  light  is  separated  into  differ- 
ent colored  rays.  Now,  crown  and  flint  glass  differ  considerably  in  their 
dispertive  powers,  and  at  the  same  time  differ  very  little  in  their  refrac- 
tive powers ;  hence  the  contrivance  of  the  achromatv^  lens  simply  con- 
sists in  making  the  dispersive  power  of  the  one  gldb  exactly  to  counter- 
act the  dispersive  power  of  the  other,  and  thereby  to  destroy  the  efiect 
of  what  is  called  chromatic  aberration. 

Fig.  54  represents  the  achromatic  eye  piece  now  in  general  use  in  all 
good  achromatic  telescopes  for  land  objects.    It. consists  of  four  lenses. 


i^.53. 
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A,  C»  B,  and  B.    A  is  very  nearly  a  plano-convex  lens ;  C  a  meniscus; 
I)  a  nearly  plano-convex  lens ;  and  B  a  double  convex  lens.* 

*  For  the  radii  and  distances  of  these  lenses,  the  reader  may  oooault 
Brewster's  Optics. 
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36.  The  Gbeat  Kefractob,  at  Cambridge,  Mass.,  is  the  mostx)€r- 
fect  instrument  of  its  kind  ever  executed.  It  is  not  only  unequalled 
in  America,  but  is  unsurpassed  in  the  world.  Its  object  glass  has  a 
diameter  of  15  inches,  with  a  focal  length  of  22  feet  6  inches.  Somo 
of  the  eye  pieces  are  6  inches  long,  making  the  entire  length  23  feet* 
The  powers  of  this  telescope,  eighteen  in  number,  range  from  103  to 
2000.    Hie  moTable  portion  weighs  about  three  tons,  but  is  so  well 


counterpoised  that  a  slight  pressure  of  the  hand  upon  the  ends  of  the 
balance  rods  will  enable  the  observer  to  direct  the  instrument  to  any 
part  of  the  heavens.  A  sidereal  motion,  produced  by  clock-work,  keeps 
celestial  objects  constantly  in  the  field  of  view.  The  great  excellence 
of  this  instrument  consists  in  the  distinctness  with  which  the  observer 
is  enabled,  by  itraid,  to  separate  the  most  difficult  groups  into  their 
several  component  stars. 
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BEFLBCTING  TELESCOPES. 

37.  The  Ofgorian  Uhteopet  repreiented  in  Fig.  50,  oooasts  of  two 
ooncaTe  nunon  or  qpecala  $  and  S  S,  with  their  ooncsfe  sui&oeB  fihcing 
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etch  other,  wd  •  double  oobtcx  eye  ileei  e,  the  wMe  being  fitted  in  a 
metallic  tube.  •  A  ie  the  dbtant  object ;  «'  k^  ils  inverted  image,  fanned 
by  the  large  ooneave  minor  or  ^msulum  fi  8 ;  tfaie  image  ie  again  re- 
flected by  tfaenaall  minor  t,  and  thna  fixma  the  erect  inaagetf^  6*4  which 
IB  magnified  by  the  kne  0  into  ^m  image  ^  i^f  when  ofaMrred  by  an 
eye  at  A. 

38.  The  Nnftom0tf  lltfmnp^t  repeeented  hi  Fig.  67,  eoineistB  of  a 
large  concave  minor  8  md  »  mall  lipne  mttof  p  pUoed  gbligoely  to 
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the  direc4tt»  of  the  esd^of  ^  tube,  (at  an  atfgle  of  46^)  and  a  magni- 
fying  lens  o  placed  in  theeide  of  the  ttibe. 
89.  BertcheTa  tehacope,  represented  in  Fig.  58,  has  only  one  concave 
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nunor  S ;  this  mirror  is  indined  to  the  axis  of  tlia  tabe  in  SBch  a  man- 
ner as  to  throw  the  luterted  image  a'  bf  down  to  the  liMsas  of  the  eje 
glass  oo. 

The  speeulum  of  Herschel's  largest  telescope  was  4  feet  in  diameter, 
with  a  focal  distance  of  40  feet.  A  much  larger  one  has  recently  been 
canstmcted  by  Lobd  Bossb,  in  Ireland.  The  speculum  is  6  feet  in 
diameter,  with  a  fbcal  distance  of  64  feet.  The  diameter  of  the  tube  is 
7  ibet,  its  length  is  56  feet.    The  whole  weight  is  over  14  tons. 


THE  CAMEBA   OBSCUBAi 

40.  The  Camera  Obicura,  or  dark  chamber^  in  its  most  simple  form,  is 
nothing  more  than  a  dark  room  with  a  hole  in  the  window  shutter,  in 
which  is  placed  a  oonTez  lens  of  about  two  feet  focal  length.  A  sheet 
of  white  paper  is  placed  vertically  behind  the  lehs,  at  its  focus,  and  then 
an  accurate  picture  of  all  the  otgecta  seen  from  the  window  will  be  de- 
picted upon  the  surface  of  the  paper,  which  delights  and  suzprises  every 
person  that  beholds  it.  In  order  to  obtain  a  perfect  picture,  the  ground 
on  which  it  ia  received  should  be  hollow, 
and  a  portion  of  the  sphere  whose  radius  is 
the  focal  distance  of  the  lens ;  it  is  custom- 
ary, therefore,  to  make  this  ground  of  plas- 
ter of  pans. 

In  order  to  enable  a  person  to  copy  this 
picture,  it  should  be  received  upon  a  hori- 
zontal sheet  of  paper.  This  is  readily  ef- 
fected by  means  of  a  plane  mixror  C  D, 
(see  Fig.  59,)  placed  at  an  angle  of  46°,  to 
reflect  the  rays  down  upcm  the  lens  A  B, 
which  throws  down  the  picture  upon  the 
hoffinmtal  taUe  £  F  placed  in  the  focus  of 
the  lens.  The  draughtsman  introduces  his 
head  through  an  opening  made  in  one  side 

of  the  frame,  and  his  hand,  holding  the  pendl,  through  another  opening, 
care  being  taken  that  no  light  is  allowed  to  fall  upon  the  picture.  The 
appSeation  of  the  camera  obscure  to  photography  has  rendered  it  ood  of 
our  most  usefiil  optical  instruments. 


MAGIC  LANTEBN. 

41.  The  magic  kntem  is  an  obvioos  application  of  a  microBOope.  L 
(Fig.  60)  is  a  powerful  lamp  in  the  focus  of  a  concave  mizTor  M  IS, 
placed  in  a  dark  lantern ;  A  B  is  a  fixed  tube  containing  a  hemisphetical 
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illuminating  lens  A,  and  a  oonvex  kns  B ;  C  D  is  an  opening  betweigi 
the  lenses  A  and  B,  for  receiving  the  sliden  on  which  the  pictures  are 


Fig.  60. 

painted  with  highly  colored  transparent  vamiah.  The  light  of  the  lamp 
is  reflected  by  the  mirror  M  N  upon  the  lens  A,  which  further  concen- 
trates the  light  upon  the  picture  on  the  slider;  and  this  picture  is 
thrown,  very  much  enlarged,  upon  the  screen  E  F,  placed  in  the  focus 
of  the  lens.  The  lens  B  is  fixed  in  a  sliding  tube,  so  that  by  pulling  it 
out  or  pushing  it  in,  a  distinct  picture  of  the  object,  on  the  slider,  may 
be  formed,  of  any  size,  within  certain  limits,  upon  the  screen  E  F. 

The  solar  microscope  is  merely  a  magic  lantern,  where  the  light  of  the 
6un  is  substituted  for  the  light  of  the  lamp. 

The  Stereoscope. 

42.  "When  we  view  any  solid  object,  such  as  a  statue,  with  both  eyes, 
each  eye  sees  the  object  differently,  and  two  dissimilar  pictures  of  the 
object  are  painted  on  the  retime.  But  each  two  corresponding  points  of 
the  two  pictures  are  depicted  at  the  same  place  on  the  optic  nenre,  so 
that  the  eyes,  uniting  each  pair  of  points  in  succession,  give  the  brain 
the  impression  of  a  solid.  Now,  by  inverting  this  process,  that  is,  by 
making  two  pictures  of  a  solid,  as  seen  by  each  eye,  and  uniting  them 
upon  the  retinoB  by  squinting,  so  that  the  one  picture  may,  ^  it  were,  be 
laid  upon  the  other,  the  combined  pictures  will  give  to  the  mind  the 
impression  of  a  solid,  seen  ^actly  as  in  nature.  This  forms  the  princi- 
ple of  the  stereoscope. 

Bretoster's  Stereoscope. — This  instrument  is  represented  in  Fig.  61. 
A  and  B  ore  t\vo  eye  tubes,  containing  each  a  semi-lens,  vdih  their 
curved  sides  turned  towards  each  other,  so  that  by  looking  through  their 
edges,  objects  in  their  focus  are  so  refracted  that  the  one  pcture  can  be 
placed  above  the  other. 

If  wc  now  place  the  annexed  drawings  of  a  six-sided  pyramid  A  and 
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B  in  the  bottom  of  the  box  by  eliding  them  in  at  C  D,  and  look  into  the 
instrument,  with  the  light  eye  at  A  and  the  left  at  B,  we  ahall  lee  a 


Fig.  61. 


solid  pyramid  with  its  apex  rising  to  the  eye.    If  the  two  figares  had 
been  united  by  squinting,  they  would  have  produced  a  hollow  pyramid. 


Fig.  62. 


Fig.  63. 


Here  the  left  hand  drawing  is  the  view  which  the  pyramid  would 
present  to  the  left  eye,  and  the  right  hand  drawing  the  view  which  »^ 
pyramid  would  present  to  the  right  eye.    Any  soUd  object  may  be 
treated  in  the  same  manner. 

PHENOMENA  OF  COLOR. 

43.  A  ray  of  solar  light  is  fonned  by  the  union  of  seren 
different  colored  rays.  This  may  be  proved  analytically  as 
well  as  synthetically— analytically  by  transmitting  a  ray  of 
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white  figbt  through  a  glass  prism,  when  it  becomes  resolved 
into  seven  differeDt  colored  pencils  of  light,  which  have  been 
called  the  prismatic  colors ;  and  synthetically,  bj  showing 
that  white  or  colorless  light  is  produced  by  the  union  of  the 
different  colored  pencils  of  light. 

Some  transparent  bodies  only  tnnsiiiit  certain  colored  portions  of 
light,  as,  for  example,  common  bottle  glass  only  transmits  the  green  rays 
of  light ;  blue  glass  onl  j  transmits  the  blue  rays ;  and  so  on. 

Nature  presents  utwith  a  magnificent  analysis  of  solar  light  in  the 
rainbow,  wh^  the  seven  piismatic  colors  may  be  distinctly  seen. 

The  surfaces  of  bodies  decompose  light  by  reflection.  The  surface  of 
a  rose  leaf  ledeels  the  red  light,  and  absorbs  all  ttat  other  colored  rays ; 
the  sux&ce  of  gM  reHects  the  yellow  light,  and  absoibs  all  the  other 
colored  rays ;  and  so  on.  Thus  the  many-colored  tints  which  we  see  in 
the  objects  around  us  are  finniliar  examples  of  the  analysis  of  light. 

•    THE   SOLAR   SPECTBUM. 

44.  Kewton  first  decomposed  solar  light  by  means  of  a 
solid  piece  of  glass  bounded  by  three  plane  surfaces,  and 
commonly  called  the  prism.  The  success  of  this  experiment 
depended  upon  the  fact,  that  the  primary  or  simple  rays,  of 
which  pure  white  light  is  composed,  possess  different  degrees 
of  refrangibility.  He  conducted  the  experiment  in  the  fol-^ 
lowing  manner :  — 

A  sunbeam  S  H  is  admitted  into  a  dark  room  through  a  hole  H  made 
in  a  window  shutter  £  F ;  a  prism  A  B  C  is  interposed  ao  that  the  ray 
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diall  pan  obliquely  tbiongh  two  faces,  and  be  refracted  by  both.  Tli» 
refracted  ray  is  received  upon  a  sheet  of  white  paper  M  N,  andt  instead 
of  a  spot  of  white  light,  there  is  formed  upon  the  paper  an  oblong  col« 
ored  surface  K  L,  composed  of  the  seven  primary  tints,  called  the  pria* 
matic  or  wlar  spectrum,  as  shown  in  Fig.  64. 

These  different  colored  rays  do  not  admit  of  any  further  analysis ;  but 
on  causing  them  all  to  be  imited,  the  seven  colors  disappear,  and  white 
light  is  again  formed.  White  light,  therefore,  is  a  mixture  of  seven  pri- 
mary rays  of  different  colors,  —  red,  orange,  yeUoto,  green,  blue,  indigo, 
and  violet.  The  separation  of  these  primary  or  simple  rays  from  one 
another,  depends  upon  a  difference  in  their  refrangibility  in  passing 
through  the  prism ;  thus  the  violet  ray  is  most  refracted,  and  the  red 
lay  is  the  least  refracted. 

45.  The  difPerent  portions  of  tlie  solar  spectrnm  have 
three  distinct  properties,  in  relation  to  lights  heat^  and  chemi" 
ccU  action.  The  most  luminous  portion  is,  at  the  middle  of 
the  yellow  light,  the  most  heating  at  and  beyond  the  red,  and 
ihc  greatest  chemical  intensity  is  found  to  be  between  the 
violet  and  indigo. 

Fig.  65  exhibits  these  relative  intensities  by  three  curved  linep;  one 
allowing  the  curve  of  luminous  intensity ^  anothar  the  heating  or  themiai 


Fig,  65. 

intensity,  and  the  third  the  chemical  intensity,  or  thepowor  whie&  lif^ 
has  in  effecting  chemical  changes. 

46.  Brewster  considers  that  white  solar  light  is  cottposed 
of  only  three  primary  rays,  viz.,  red,  yellow,  and  blue ;  fbt 
the  admixture  of  these  three  colored  rays  will  produce  whito 
light,  as  shown  in  Fig.  66.  These  are  called  the  three  fun- 
damental colors. 

Each  of  thr  seven  prismatic  rays  has^  some  a^ltiati 
15 
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ray,  called  its  complementary  ray,  with  which  if  it  be  com- 
bined, white  light  will  be  prodifced. 

Fig.  66  shows  the  three  fundamental  colora,  red,  yellow,  and  blue, 
orerlapping  each  other.  Where  all  three  Qvetiap  one  another,  white 
IB  produced ;  where  the  ycUow  and  blue 
overlap,  green  is  produced,  and,  therefore, 
green  and  red  will  produce  white  light, 
so  that  green  and  red  are  complementary ; 
and  so  on  to  othpr  cases  which  may  be 
readily  cited  from  the  representation 
given  in  the  figure.  Orange,  violet,  and 
green,  according  to  Brewster,  are  called 
secondary  colors;  while  red,  yellow,  and 
blue,  are  the  only  ^>rimary  colors;  and 
the  indigo  of  Newton's  spectrum  is  sup- 
posed to  lie  between  the  shades  of  the 
violet  and  tlie  blue. 


1^.66. 


THE  RAINBOW. 

47.  The  brilliant  colors  of  dew  drops,  produced  by  the  refrao- 
tion  of  the  sunbeams,  form  a  subject  of  interest  to  every  per- 
son. The  beautiful  arch  of  the  rainbow,  depending  upon  the 
same  cause,  is  not  less  a  matter  of  interest  to  even  the  most 
uneducated  obsei'ver.  The  formation  of  the  rainbow  may  be 
readily  explained  on  the  principle  of  prismatic  refraction  and 
dispersion. 

The  drops  of  rain  decompose  the  sxm's  light  in  the  same  manner  as 
the  prism  of  glass.  Let  D  represent  a  drop  of  rain,  (see  Fig.  67  :)  a  b, 
a  ray  of  light  fjEdling  upon  the  drop,  is  refiwited  in  the 
direction  be;  it  is  then  reflected  in  the  direction  c  d, 
and  upon  passing  out  of  the  drop  at  d  it  imdergoes  the 
prismatic  dispersion :  the  red  ray,  being  the  least  re- 
fracted, takes  the  lowest  direction  d  r,  and,  the  violet 
ray,  being  the  most  re&acted,  takes  the  highest  direc- 
tion dv;  hence  arise  the  prismatic  colois.  Now,  in 
Fig.  68,  let  D  represent  the  same  drop,  and  D'  another 
drop  a  Httle  below  the  first ;  then  the  same  prismatic 
colors  will  be  produced  by  this  second  drop,  and  at  some  point  o  the 
red  ray  of  the  first  drop  will  meet  the  violet  ray  of  the  second  drop ; 
and  a  spectator,  with  his  eye  at  o,  will  see  the  red  ray  from  the  flnt 
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dxop  and  the  Tidet  ray  from  the  second  drop,  and  from  the  drops  lying 
between  these  two  extremes  he  will  see  the  intermediate  prismatic  colon, 


jFV^.  68. 

and  therefore  between  d  and  d^  he  will  see  a  complete  spectrmn.  Now, 
let  <  «  be  a  straight  line  passing  through  the  centre  of  the  sun  and  the 
eye  of  the  observer  at  o,  which  will  of  course  be  parallel  to  the  rays  inci- 
dent upon  the  drops.  Conceive  the  angles dou  and  d'  o  utohe  turned 
about  o  u  as  an  axis :  then  the  drops  D  and  D'  will  revolve  in  a  circle, 
and  within  this  circle  all  the  prismatic  colors  will  obviously  be  ananged 
in  the  same  order  as  that  which  we  have  Just  described ;  hence  the  pris- 
matic colors  %vill  appear  to  arrange  themselves  in  this  arch,  which  is 
called  the  primary  rainbow. 

The  secondary  rainbow  is  a  fainter  arch,  fre- 
quently lying  exterior  to  the  primary  one.  The  for- 
mation of  this  secondary  arch  may  be  explained 
exactly  in  the  same  manner,  with  this  exception, 
that  the  refracted  light  undergoes  two  reflections 
within  the  drop  in  the  place  of  one,  as  shown  in  Figs. 
68  and  69. 


UNUSUAL  REFRACTION  OF  LIGHT,  AND  ATMOSPHERIC 
PHENOMENA  DEPENDING  UPON  IT. 


REFRACTION    OP  A   FLUID    OP   VARYING  DENSITY. 

48.  Into  a  square  vial  (Fig.  70)  pour  some  dear  sirup,  and  above  pour 
some  dear  water,  which  will  gradually  mix  with  the  sirup ;  hold  a  card, 
with  the  word  $inq»  written  on  it,  in  an  erect  position,  bdiind  the  vial ; 
then  the  writing  will  appear,  in  its  erect  podtiin,  when  seen  through  the 
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Fiff.  71. 


pore  8inxp»  boe^it  iviU  appear  inverted  wben  seen  through  tht  io»tn» 
ofiinqi  and  water.  A  amilar  phenomegKni  will  be  pnMlueed  by  praxiof 
i|arit8  of  wine  upon  the  water,  as  shown  in  the  figure. 

This  simple  experiment  wiU  enable  us  to  account  ibr  aqne  carious 
eases  of  unusual  atmospheric  refiraction»  or  mtro^. 

Sometimes  two  distinct  images  of  a  ship^  whose  topmast  A  only  is  warn 
above  the  horizon,  will  in  certain  states  of  the  atnuMidiere  appear  in  the 
air  as  represented  in  Hg.  71,  where  one  image  C  is  erect,  and  the  other 
B  is  inverted. 

In  order  to  account  finr  these  S(ppeeraiioeii  let  &  F  (Tig.  72)  repnaaent 


Fiff.  72. 

thaobjeet;  E  the  eye  of  the  observer;  /» and  y  the  images  seen  in  Uti 
asr*  Now,  the  coldness  of  the  sea  may  cause  the  air  at  the  level  •  to  be 
▼cry mu^h  denser  than  t^e  air  at  the  level  cor  c^;  in  tins caeev  tht  ibp 
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£ractiVc  povrer  ateoT  d  will  be  much  less  than  at  a  ;  the  consequence  of 
tliis  is,  that  rays  S  (2  P  c  which,  under  a  uniform  state  of  density  of  the 
air,  never  would  reach  the  eye  at  £,  will  be  bent  into  the  curve  lines 
S  cf  E,  P  c  £,  in  passing  from  the  rare  to  the  dense  medium ;  and  If  the 
difference  of  density  is  such  that  the  higher  rays  8  d  cross  the  lower  rays 
P  c  at  any  point  or,  then  the  higher  rays  will  be  seen  in  the  direction  £  «, 
(where  £  $  forms  a  tangent  to  the  curve  S  (2  x  £  at  the  point  £,)  and  the 
lower  rays  in  the  ^Urection  £  p ;  and  thus  the  image  of  the  ship  will  be 
seen  inverted  in  the  air.  In  like  manner  the  rays  S  n,  P  m,  may  be  re- 
Iracted  to  meet  the  eye  E  without  crossing  each  other ;  then  the  higher 
rays  S  n  E  will  be  seen  in  the  direction  £  $',  and  the  lower  rays  P  m  & 
will  be  seen  in  the  direction  £  p',  and  thus  the  image  of  the  ship,  in  this 
case,  will  be  seen  in  its  erect  position  p'  a'.  The  state  of  the  air  may  be 
such  as  to  exhibit  only  one  of  these  images. 

49.  The  subject  of  halos  may  be  ranked  amongst  the  opti- 
cal phenomena  of  the  atmosphere.  The  name  halo  is  given 
to  all  those  luminous  appearances  which  are  seen  surrounding 
the  sun  or  the  moon. 

One  of  the  most  common  phenomena  of  this  kind  Is  the  ^irtrgctooe 
«r  lihe  nter  beams,  represented  in  Fig.  73. 


This  pfaenomenon  frequently  occurs  in  mimmer,  whfin  the«(m  li  Htflr 
the  horison.    It  is  caused  by  certain  xxnrtions  of  the  sun'i  bema  radiat- 
ing through  the  openings  of  the  surrounding  clouds,  while  other  pottions 
of  kii  beams  an  obstructed  by  the  dcnsv  parts  of  the  clouds. 
15  • 
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50.  Samt  oj^ak  poeecs  tke  eniam  pnpertj  of  dnUe 
n/iiriif  —  that  ift»of  ■akis^  one  object  appear  double. 


DOCBLK  BznLkcnos. 


C  eoBBon  CT71C1I  <tf  thskiad  vIedbBd  ipH^vkidbi 
i^of  as£d  zfaoB^orsx-iidBd  paakOdBp^ad  A  B  D  C  X, 
La  fig.  74. 
Plate  m  Aamh  of  kdnd  ipv 
owabiatk  fiwMX  dszwa  vpoA 
Aifcstaf  paper;  kfdkwc  il»  £ae 
tbioo^  the  vfpa  warSmct  dt  tbe 
crystal  vith  the  ere  at  R:  ties, 
the  fine  M  X  viH  iKta]blT  appear 
dDQ::ie;  if  k  does  s^t  M  tbe  fiat 
\n^\  tm  the  crntal  rooad  imtil 
jtm  £stxactlT  Ke  two  bLick  lias 
ia  die  place  Q^  ooe. 

Flaca  a  black  ^Bt  ii  O,  or  prick 
a  pia  bale  IB  tke  paper ;  the  fpot  win  ifipev  doofck^  ai  ii  O  and  E ;  tarn 
tbe  djstal  lOBBd.  and  the  tai>  iBBags  win  be  aeea  apBt  fiOB  eadi  odier : 
the  one  Eirill  appear  to  irrohne  raund  tlie  other  O.  TheiayOria 
caDed  the  mrfiaarji  laj  of  xefractiaB,  and  S  r  the  iiftnurfi—ry  ooe. 

The  laj  of  H^a,  after  lefaialifi  nrto  two  Attinct  pencQs  in  this  man- 
ner, is  said  to  be  jwii/iairf.    Thew  pnhriaed  lays  poaseB  eertsin  peculiar 
»  which  distingnish  than  from  the  orfiaaiy  xaja  of  li^lxL 


POLARIZED  LIUUT. 

51.    Ugbt  is  polarized  bj  refledioiL 

Let  A  B  «nd  C  D  be  tiro  plane  glass  minoiB,  baring  their  backs  coated 
with  black  Tarnish,  and  being  seen  edgewise.  Let  a  raj  of  light  R  P 
fall  apon  the  mirror  A  B,  making  the  angle  of  incidence  54^  35',  and 
sappoae  that,  after  being  reflected  in  the  direction  P  Q,  it  falls  upon 
the  mimr  C  B,  at  the  same  angle  of  incidence.  If  the  mirror  C  D  is 
so  sitaated  that  the  plane  of  incidence  P  Q  S  coincides  with  the  plane 
of  incidence  R  P  Q*  aiost  of  the  light  will  be  reflected  in  the  direction 
Q  Sk*  But  if  the  mirror  C  D  be  made  to  rerolve  on  P  Q  as  an  axis, 
liMS  ktpt  always  at  the  same  angle  with  P  Q,  the  amount  of  light 

•  \  Ditifct  pa*^iM!C  through  the  incident  ray  and  perpendicolar  to  the  mir> 
^J[^^  pass  thtough  the  reflected  ray,  and  is  called  the  phm  of  mci* 
^^.^    ijtimtif^  or  simply  the  piiuie  of  tncubnM. 
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reflected  gradually  diminishes,  so  that,  when  the  minor  has  serolyed 
90*^,  and  when,  consequently,  the  plane  of  Incidence  P  Q  S  is  at  right 
angles  to  the  plane  of  incidence  R  P  Q,  the  light  ahnost  entirely  ceases 
to  be,  or  is  not  at  all,  retfedted.  The  ray  P  Q  is  said  to  be  polarized  by 
reflection  from  the  mirror  A  B,  because  the  different  sides  of  it  seem 
to  have  different  properties,  corresponding  to  the  polarity  of  a  magnet. 
The  polarizing  angle  of  incidence  for  glass  is  about  64®  35' ;  that  for 
water  about  63". 

By  continuing  the  revolution,  the  light  reflected  increases,  until, 
when  the  mirror  shall  have  revolved  180®,  and  comes  into  the  position 
C  D',  Fig.  76  bis,  in  which  position  the  planes  of  incidence  again 
coincide,  the  light  will  be  almost  all  reflected  as  at  first.  If  the  rev- 
olution be  continued  from  the  position  C  D'  around  to  the  original 
position  C  D,  the  same  phenomena  will  be  repeated.  Hence,  when 
the  second  mirror  tends  to  reflect  the  light  in  the  same  plane  in  which 
the  first  mirror  reflects  it,  the  light  la  reflected  as  usual ;  but  when  the 
second  mirror  tends  to  reflect  the  light  in  a  plane  at  right  angles  to  that 
in  which  the  first  mirror  reflects  it,  the  light  almost-or  quite  ceases  to 
be  reflected  by  the  second  mirror. 

62.  fig.  76  represents  an  instrument  constructed  on  the  principle  just 
explained.    C  D  and  D  G  a|p  brass  tubes,  the  one  capable  of  sliding 
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Fiff.  76. 
• 
and  taming  within  the  other ;  A  and  B  are  the  glass  mirrors  fixed  to 
the  two  tubes  at  the  polarizing  angles ;  R  r  an  incident  ray  of  common 
light ;  r  s  the  line  of  its  reflection  from  the  minor  A  tluxmgh  the  tube ; 
a  £  the  Une  of  .reflection  from  the  mirror  B ;  then,  when  the  tube  D  O 
if  tuned  round  so  that  the  plane  of  the  minor  B  is  at  right 
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tlie  pSane  oC  tbe  mizror  A,  tbe  xay  r  i.vi:?  aof  j«^  r)g^£eef«9n  iram  B* 
•'W'hcii  tbe  tube  D  G  is  turocd  rx>urd  <o  as  to  faring  the  plane  of  the  mir- 
ror B  parukl  to  that  cf  X»  then  tho  reflected  zmj  s  £  will  appear  of  its 
{BXifcr  or  nsoai  degree  of  Ln^atr.{v«w 

Exp,  1.  Let  tbe  xsddLT.t  rays  K  Q  (Fig.  75)  proceed  from  the  light 
cf  tbe  window;  place  a  thin  pinto  of  mica  bet w  ten  the  two  mirrors  so 
as  to  mtocept  tbe  polariud  rays  Q  P ;  look  in  tbe  directicn  £  P,  and 
yoQ  will  po^ceire  the  dark  re  J  :v  tor  li^jhtcd  up  with  the  most  splendid 
colon*  mere  e«pcciaDy  if  the  piAto  of  mica  Taries  in  its  thickness.  -Tom 
the  mica  round,  and  tbe  co>rs  will  poss  thzoogh  all  the  changes  a£  the 
prismatic  ligfat.  A  similar  e5ect  will  be  produced  by  toming  tbe  re- 
flector mbed  round  upon  Q  P  as  an  axis. 

Exp,  2.  In  like  manner,  place  a  piece  of  glass,  to  which  Imm  MJil 
A  crystalline  structure  has  been  gircn  by  rapidly  oooling  it,  V^  ^M 
between  tbe  reflectoss :  thm  the  glass  will  present  a  bril-  L^^  ^J 
Hant  and  symmetrical  figure  having  the  appearance  rep-  ^^f^  BH 
rasented  in  Fig.  77.  Turn  the  mirror  abed  round  on  jcy^.  77. 
Q  P  as  an  axis,  until  it  become  parallel  to  the  other  mir- 
ror A  B  C  D ;  then  the  colored  figure  of  tbe  crystalline 
glass  will  assume  another  perfect  form,  which  is  rcpr^ 
aented  in  Fig.  78,  the  colors  in  the  one  being  complement- 
ary to  those  in  the  other. 

These  crystalline  pieces  of  glass  may  be  got  at  any  phil- 
osophical instrument  maker's  shop ;  but,  without  incur- 
ring this  expense,  the  experiment  may  be  perfonned  m  the  following 
manner:-^ 

Bind  a  fow  square  plates  of  window  glass  together,  and  place  them 
between  the  mirrors,  as  in  the  last  experiment,  on  a  hot  metal  plate ; 
look  in  the  reflector  abed;  a  curious  pfogrcesive  change  will  be  seen 
to  take  place  in  the  glass  plates,  when  at  length  the  symmetrical  figure 
shown  in  Fig.  77  will  be  formed. 

53.   Ligbt  is  polarized  by  a  series  of  ordinarj  refractions. 

"When  a  ray  of  light  U  r  (Fig.  79) 
^imdergoes  refraction  through  a  series 
of  glass  plates  1,  2,  3,  .  .  .,  the  re- 
fracted ray  fg  becomes  polarized,  and 
possesses  all  the  properties  which  have 
been  described  in  relation  to  the  polar- 
ized light  of  reflection.  The  incident 
angle  of  perfect  polariaation  depends 
upon  the  number  of  the  plates ;  thu8>  J^.  79. 


in 


wlien  ihet^  «re  ^ht  pi«ttB,  the  incixteiii  aaglo  m  ftb<mt  79^ ;  wad 
'when,  there  axe  tweaty-four  places,  the  inddeiit  angle  is  about  60*» 
and  80  on. 

J^ow,  since  a  bundle  of  glass  plates  acts  upon  light  in  the  same  man- 
ner as  the  polaiizing  reflecton  used  in  the  appatfttufe,  Fig^.  75  ftnd  76, 
ire  may  snbslitute  t>¥t>  bundles  of  glaaa  jilhtea  in  the  place  of  the  twb 
xviaetoitt.    Ihus,  let  A  and  B  be  thd 

two  bundles  of  tolaxixing  plates;  Bf  ▲  b 

the  incident  ray ;  then  $  t  vnH  be  th^ 
polarized  ray,  which  will  pass  through 
the  bundle  B  when  it  is  placed  as  in  jv^.  80. 

the  figure,  and  no  light  wiU  be  re- 
flected ;  but  when  it  is  turned  round,  the  light  t  w  transmitted  UttOttgh 
it  \nH  gndually  diminish,  and  more  imd  more  light  will  be  refleetod,  tall 
it  has  turned  round  an  angle  Of  90^  t  then  thcro  will  be  no  light  trans- 
mitted —  it  will  be  entirely  reflected. 

In  conducting  many  experiments,  a  bundle  of  glass  plates  may  be 
advantageously  used  in  the  place  of  the  reflector  ab  cd  of  the  appbift- 
tus  Yepresented  in  Fig.  75, 

«4.  Pdtorized  Light,  —  Aeeording  to  the  oorpuseultt  theory,  a  beam 
«f  tomaon  light  has  two  polar  axes,  A  B  and  C  B,  Fig.  81,  so  that  «U 


its  sides  have  the  same  properties ;  but  when  this  beam  is  polarized,  it  is 
separated  into  two  circuLur  beams,  A'  B'  and  C  D',  with  only  one 
polar  axis  each,  which  are  at  right  angles  to  each  other,  so  that  their 
sides  have  difierent  properties. 

HEAT. 

55.  The  tense  of  touch  ia  affected  by  heat,  as  our  sense  of 
hearing  ie  by  sound,  or  our  sense  of  sight  by  light.  Heat  is 
one  of  the  most  important  agents  connected  with  animal  ftnd 
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vegetable  life ;  it  also  perfonns  a  distingoished  part  in  all  the 
changes  continually  going  on  in  the  external  world. 

Frtt  or  sensible  heat  tends  to  diffuse  itself  equally  among 
all  surrounding  bodies.  The  amount  of  sensible  heat  in  any 
body  is  called  its  temperature.  That  heat  which  exists  in  a 
body,  and  which  is  not  sensible  to  thQ  touch,  but  which  is,  at 
the  same  time,  essential  to  the  peculiar  form  ^  which  the 
body  exists,  is  called  latent  heat. 

The  word  caloric  is  used  to  express  the*  substance  of  hiat» 
in  order  to  distinguish  it  from  the  sensation  of  heat  We 
experience  the  sensation  of  heat  when  there  is  an  increase  of 
temperature,  and  that  of  cold  when  there  is  a  decrease  of 
temperature.  The  sensation  of  cold  is  excited  when  a  portion 
of  our  caloric  is  taken  from  us,  and  that  of  heat  when  a  por- 
tion of  caloric  is  transmitted  to  us. 

Calorie,  or  the  matter  of  heat,  is  subject  to  the  same  laws 
of  radiation,  reflection,  and  refraction '  as  light  Heat  pro- 
duces many  chemical  changes ;  it  also  tends  to  destroy  the 
cohesion  of  the  particles  composing  a  body,  and  thus  produces 
a  change  in  the  form  of  bodies ;  thus,  at  .a  certain  low  tem- 
perature liquid  water  becomes  solid  ice,  and  at  a  certain  high 
temperature  it  boils  and  passes  into  the  state  of  yapor  or 
steam.  One  of  the  most  striking  effects  of  heat  is,  that  it 
causes  all  bodies  to  expand  —  that  is,  to  increase  in  volume 
or  bulk. 

EAST  COURSE   OF  EXPERIMENTS,  WITH  SIMPLE  PRINCIPLES 
DERIVED   FROM   THEM. 

56.   Heat  expanas  liquids,  air,  and  solids. 

Exp,  1.  Heat  expands  ttguidt.  —  Take  a  common  rial  bottle ;  make 
a  mark  with  ink  upon  its  neck ;  fill  it  with  cold  water  up  to  this  mark ; 
plunge  the  vial  into  a  basin  of  hot  water  :  after  a  little  time  the  water 
in  the  vial  will  rise  considerably  above  the  mark,  thereby  showing  that 
the  heat  has  caused  the  water  in  the  vial  to  expand.  Ihe  higher  the 
temperature  of  the  water  in  the  bami  the  greater  wUl  be  the  ezponaon 
of  the  water  in  the  vial. 
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This  experiment  shows  the  principle  upon  which  the  thermometer  is 
oonstructed.  This  well-known  instrument  enables  us  to  tell  the  tem- 
perature of  any  body. 

This  experiment  may  be  performed  in  a  more  strik- 
ing manner  as  follows  :  Fit  a  small  gloss  tube  to  the 
cork  of  a  bottle,  as  shown  in  Fig.  82  ;  fill  the  bottle 
completely  with  cold  water,  and  firmly  insert  the  cork 
with  its  tube ;  plunge  the  bottle  into  hot  water,  and 
the  liquid  will  rapidly  rise  m  the  small  tube. 

Etp.  2.  Heat  expands  air,  —  Invert  a  glass  A  over 
water,  allowing  a  little  water  to  enter  the  glass,  as 
ahown  in  Fig.  83:  pour  hot  water  over  the  glass, 
which  will  cause  the  air  within  the  glass  to  expand, 
and  to  occupy  a  larger  space. 

Exp.  3.  Invert  a  small  bottle  in  cold  water,  and 
introduce  just  so  much  water  as  will  cause  it  to  sink 
to  the  bottom ;  now  pour  hot  water  into  the  vessel,  so 
as  to  raise  the  temperature  of  the  air  within  the  bottle : 
the  bottle  will  rise  to  the  surface. 

The  variation  of  heat  in  the  atmosphere  is  the  cause 
of  currents  of  air  and  winds.  ITiis  has  been  explained 
in  Pneumatics. 

Exp.  4.  Perform  experiments  1  and  2,  given  at 
page  107. 

Exp,  6.  Heat  expands  solids, — Take  a  decanter 
bottle,  having  a  groimd  stopper ;  plunge  the  neck  of 
the  decanter  into  hot  water,  and  there  let  it  remain  for  a  short  time ; 
after  taking  it  oiit,  insert  the  stopp^  gently,  so  that  it  may  be  easily 
taken  out ;  allow  the  neck  of  the  decanter  to  cool,  then  try  to  raise  the 
stopper ;  it  will  have  become  so  fast,  from  the  contraction  of  the  glass, 
that  it  requires  some  force  to  pull  it  out.  Here  the  heat  causes  the 
neck  of  the  decanter  to  expand ;  then,  when  the  stopper  is  put  into  its 
place,  the  neck  of  the  decanter,  as  it  cools,  contracts  upon  the  stopper, 
and  causes  it  to  become  fast. 

If  you  should  happen  to  heat  the  neck  of  the  decanter  so  much  that 
you  cannot  pull  the  stopper  out,  (a  thing  not  at  all  unlikely  to  happen,) 
then  you  must  get  it  out  by  the -same  means  as  that  by  which  you  fas- 
tened it  in ;  that  is,  you  must  heat  the  neck  of  the  bottle,  so  as  to  cause 
it  to  expand. 

Many  a  gopd  bottle  has  been  broken  by  hastily  putting  in  the  cold 
stopper  when  the  bottle  was  warm. 

•57.   Sources  o/J5fea^,  — Besides  the  heat  derived  from  the 
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sun,  we  get  heat  from  our  ordinaiy  fires,  lamps,  from  the 
friction  and  collision  of  bodies,  from  chemical  action,  &c. 

Exp,  1.  Ueat  from  common  flame.  —  (a.)  The  deigree  of  heat  of  a 
flame  depends  upon  the  supply  of  air.  Place  a 
common  lamp  glass  over  a  lighted  candle ;  the 
candle  i^'ill  bum  very  feebly,  unless  you  raise  the 
glass  a  little  so  as  to  admit  a  current  of  air 
through  the  tube.  (6.)  Slowly  and  gradually  in- 
sert a  burning  splinter  of  dry  wood  into  a  small 
vial  bottle;  the  portion  of  the  splinter  outside 
of  the  bottle  bums,  but  that  within  the  vial 
merely  becomes  carbonized,  because  there  is  not  a 
sufficient  quantity  of  air  to  bum  it  completely. 
On  this  principle  charcoed  is  made. 

Exp,  2,  Heat  from  friction .  —  Rub  a 
button  upon  a  deal  board ;  the  bjutton 
'will  soon  become  quite  hot. 

Exp,  3.  neat  from  coUiaion.  (a.) 
Strike  a  spark  with  a  flint  and  a  steel. 
(6.)  Hammer  a  piece  of  iron  until  it  be- 
comes hot. 

Exp,  4.  Heaifrom  cJiemical  action,  —  (a.)  Place  a  small  bit  of  phos- 
phorus upon  a  dry  deal  board ;  drop  a  small  piece  of  iodine  upon  the 
phosphorus;  the  bodies  will  unite  spontaneously,  and  will  form  a  cem- 
Xx>und  of  iodine  and  phosphorus. 

(6.)  Pour  some  water  upon  sulphuric  acid ;  the  mixture  will  become 
intensely  hot.  In  this  ca<%,  the  volume  of  the  mixture  will  be  less  than 
the  sum  of  the  volumes  of  the  two  liquids.  This  condensation  of  vol- 
ume is  no  doubt  the  cause  of  the  development  of  the  heat,  for  a  change 
of  volume  is  always  attended  with  a  change  of  specific  heat,  or  a  change 
of  the  body's  capacity  for  heat. 


Fig,  85. 


58.    Good  and  Bad  Conductors  of  Heat. 

Exp,  1.  Put  the  end  of  a  tobacco  pipe  into  the  fire,  and  at  the  same 
time  put  the  end  of  a  poker  into  the  fire ;  after  the  lapse  of  a  few  min- 
utes, tQuch  the  poker,  at  the  distance  of  a  few  inches  from  the  heated 
extremity,  and  it  will  feci  quite  hot ;  at  the  same  moment  touch  the 
extremity  of  the  tobacco  pipe,  and  it  will  scarcely  feel  warm :  thus 
showing  that  iron  is  a  much  better  conductor  of  heat  than  the  material 
oomposing  the  pipe. 

Exp,  2.  Touch  the  metal  portion  of  the  handle  of  an  Italian  Im^ 
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It  will  feel  hot;  touch  the  wooden  portion  of  the  handle,  and  it  will  feel 
comparatively  cool ;  thereby  showing  that  iron  is  a  much  better  con- 
ductor of  heat  than  wood. 

Compare  the  heat  of  the  handle  of  a  saucepan  baring  a  metal  handle, 
with  the  heat  of  the  wooden  handle  of  another  saucepan. 

£2^.  3.  Touch  the  wooden  leg  of  a  table  with  one  hand,  and  the 
brass  castor  with  the  other ;  the  one  feels  cold,  the  other  neither  hot  nor 
cold.  Here  the  metal,  being  a  good  conductor  of  heat,  conveys  the  heat 
from  the  hand  more  rapidly  than  the  wood,  which  is  a  bad  conductor  of 
heat. 

Exp,  4.  Touch  the  hot  surface  of  a  teapot  through  a  piece  of  paper ; 
you  scarcely  feel  the  heat :  now  touch  it  through  a  piece  of  tin  foil  or 
•heet  lead ;  you  instantly  feel  the  heat.  The  paper  is  a  bad  conductor 
of  heat ;  but  the  tin  foil,  as  well  as  metals  generaJly,  is  a  good  conductor 
of  heat. 

We  clothe  our  bodies  with  woollen  and  linen,  and  such  like  materials, 
because  they  are  bad  conductors  of  heat. 

Exp,  6.  Fill  a  common  porter  bottle  with  hot  water,  and,  after  cork- 
ing it  up,  wrap  it  in  a  dry  piece  of  flannel ;  the  bottle  may  remain  in 
that  state  for  an  hour,  without  much  sensible  change  in  its  heat.  Here 
the  heat  is  kept  in  the  bottle  by  the  non-conducting  substance  with 
which  it  is  surrounded. 

Exp,  6.  Pour  some  cold  water  into  a  tumbler ;  carefully  pour  some 
hot  water  upon  the  top  of  the  other ;  apply  your  hand  to  the  low^ 
part  of  the  tumbler :  the  temperature  of  the  water  beneath  is  scarcely  at 
all  affected ;  thereby  showing  that  water  and  glass  arc  both  bad  con- 
ductors of  heat,  and,  moreover,  that  the  hot  water  is  Ughtcr  than  the 
cold  water. 

'  Hot  water  is  specifically  lighter  than  cold  water,  because  of  the  cx« 
pansion  by  heat,  which  causes  bodies  to  become  less  dense. 

Try  to  place  cold  water  on  the  top  of  hot  water. 

Exp,  7.  Nearly  fill  a  tumbler  with  cold  water ;  pour  some  ether  upon 
its  surface ;  the  ether  will  float  upon  the  water :  ignite  the  ether  by 
throwing  a  small  piece  of  lighted  paper  upon  it ;  the  great  heat  at  the 
surface  of  the  water  will  not  sensibly  affect  the  temperature  of  the  water 
at  the  lower  portion  of  the  tumbler. 

Exp,  8.  Take  two  pieces  of  small  wire,  of  exactly  the  same  length 
and  thickness  the  one  being  copper  wire,  and  the  other  iron  or.steel 
wire ;  hold  one  in  each  hand,  and  insert  their  extremities  into  the  flame 
of  a  candle ;  you  will  find  that  the  heat  will  pass  along  the  copper  wiro 
amch  mora  n^idly  than  it  will  pass  along  the  iron  wire,  fctt  the  cqD(» 
dncting  power  of  copper  is  more  than  double  that  of  lion. 
16 
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59.    Good  and  Bad  Radiatort  and  RtjUeion  of  HeaL 

Exp.  1.  Place  a  tin  plate  and  a  piece  of  board  within  a  foot  and  a 
half  of  a  good  fire :  after  a  few  minutes,  the  eoxftce  of  the  deal  board 
will  fed  quite  hot,  but  the  tcmperatuze  of  the  tin  wiU  scarcely  at  all  be 
altered.  What  is  the  cause  of  this  remarkable  effect?  Wood  is  a  bad 
re6cctar  of  heat,  and  thexefive  it  absorbs  nearly  all  the  heat  which  fslls 
upon  it ;  on  the  other  hand,  tin  plate  is  an  excellent  reflector  of  heat» 
and  therefore  nearly  all  the  rays  of  heat  which  fidl  upon  its  Baxfisboe  are 
reflected  fiom  it* 

Exp,  2.  Obserre,  when  the  sun  is  shining,  that  the  panes  of  the  win- 
dow nerer  become  warm,  while  the  wooden  ban  become  hot. 

Exp,  3.  Hold  a  tin  plate,  in  an  inclined  positian,  a  few  feet  before  a 
good  file;  receire  the  reflected  heat  upon  the  hand;  you  will  feel  a  de- 
cided increase  of  temperature. 

Exp,  4.  Try  the  same  experiment  with  a  deal  board,  or  with  a  rough 
plate. 

Exp.  5.  Take  a  clean  metal  teapot,  and  a  common  earthen  ware  one ; 
flu  them  both  with  hot  water ;  allow  them  to  stand  for  about  a  quarter 
of  an  hour ;  dip  your  hand  into  the  water  of  each ;  the  water  in  the 
metal  teapot  feels  much  warmer  than  that  which  is  in  the  earthen  ware 
one.  Why  ?  Simply  because  the  earthen  ware  vesEel  is  a  much  better 
radiator  of  heat  than  the  metal  one. 

The  principle  which  regulates  the  power  of  radiating  sur- 
faces is  this:  The  best  reflectors  are  the  worst  radiators* 
Thus,  bright  polished  surfaces,  (other  things  being  the  same>) 
which  arc  the  best  reflectors,  are  the  worst  radiators ;  and 
rough,  black  surfaces,  which  are  the  worst  reflectors,  are  the 
best  radiators.  Bad  reflectors  either  transmit  or  absorb  the 
heat  which  falls  upon  them. 

Exp,  6.  Cover  half  of  one  side  of  a  piece  of  glass  with  tin  foil ;  hold 
the  covered  side  next  to  a  good  fire ;  place  your  hand  on  the  other  side ; 
no  heat  will  be  fdt  on  that  part  of  the  glass  which  is  behind  the  tin  foil, 
bmt  a  sensible  temperature  will  be  felt  behind  the  other  portion :  here 
the  tin  foil  reflects  all  the  heat,  and  the  glass  transmits  a  portion  of  heat 
through  it 

Now  blacken  the  uncovered  portion  of  the  glass  with  soot,  and  a  still 
greater  difference  of  heat  will  be  observed.  In  this  case,  the  soot  ab- 
sorbs all  the  heat  which  falls  upon  it,  and  becoming  thereby  heated, 
radiates  this  heat  to  the  hand. 

Exp,  7.  Envelop  two  tumblers  with  paper,  one  with  black  paper,  the 
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Other  with  silver  paper ;  partly  fill  the  tumblers  with  water,  an  .expose 
them  to  the  heat  of  the  sun ;  after  the  lapse  of  a  few  minutes,  ascertain 
the  tempexature  of  the  water  in  the  tumblcns  by  means  of  a  thermom- 
eter ;  the  water  in  the  tumbler  with  the  black  paper  will  be  found  to  be 
much  warmer  than  the  water  in  the  other.  Here,  the  black  paper  ab- 
sorbs the  heat,  while  the  alver  paper  reflects  it. 

Reverse  the  form  of  thi»  experiment  by  filling  the  tumblers  with  hot 
water ;  after  the  lapse  of  a  few  minutes,  the  water  in  the  tumbler  with 
the  black  paper  will  be  found  to  be  much  cooler  than  the  water  in  the 
other. 

Here  the  black  paper  radiates  the  heat  much  more  rapidly  than  the 
silver  paper. 

Exp,  8.  Make  two  little  fire  scteens,  one  of  pasteboard*  and  the  other 
of  tin  plate;  place  them  -about  a  foot  before  the  fire^  and  after  a  few 
minutes  try  the  heat  which  they  transmit ;  the  air  beyond  the  paste- 
board will  be  much  warmer  than  that  which  lies  beyond  the  tin 
plate. 

60.  Heat  changes  liquids  into  vapors,  and  cold  condenses 
these  vapors. 

Exp.  1.  When  water  boils  in  the  kettle,  observe  the  steam  or  vi^iar 
as  it  issues  irom  the  spout. 

(a)  The  vapor  is  seen  for  about  an  inch  in  front  of  the  spout ;  it  then 
rises  and  gradually  disappears  by  mixing  with  the  air.  The  air,  it  must 
be  observed,  can  always  absorb  or  retain  a  certain  portion  of  vapor. 

(6)  Hold  a  cold  plate  in  front  of  the  steam  ;  it  is  condensed,  that  is 
to  say,  it  is  converted  into  water  again.  In  a  short  time  the  plate  will 
become  quite  hot,  from  the  heat  given  up  by  the  steam  on  its.  return  to 
the  liquid  state.  This  heat  is  called  latent  heat,  because  the  water  after 
condensation  has  the  same  temperature  pa  it  had  just  before  condensa- 
tion :  this  latent  heat  is  the  heat  requisite  for  maintaining  water  in  the 
state  of  steam  or  vapor.  Whenever  a  body  passes  from  the  vaporous 
state  to  the  Uquid  state,  or  from  the  liquid  state  to  the  solid,  it  must  give 
off  its  latent  heat,  and  vice  versa* 

(c)  Plunge  the  ball  of  a  thermometer  into  the  steam ;  the  mercury 
will  rise  in  the  small  tube  until  it  arrives  at  212°,  where  it  will  remain. 
Plunge  the  ball  into  the  boiling  water;  the  mercury,  as  before,  will 
ttand  at  212°.  Water  under  ordinary  circumstances  constantly  boils  at 
a  temperature  of  212°.  What  becomes  of  all  the  heat  that  is  con- 
stantly passing  from  the  fire  to  the  water?  It  remains  in  a  latent  state 
in  the  steam.  So  long  as  water  remains  in  the  kettle  there  is  no  danger 
of  it  being  destroyed  by  the  heat ;  but  the  kettle  will  soon  be  cracked 
by  the  heat  if  it  is  allowed  to  remain  on  the  fire  after  the  water  has 
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been  boiled  bw«v.  The  evaporatioa  of  the  water,  by  cooatanily  ib^ 
aorbing  the  heat,  {xreventa  the  metal  firom  xiang  above  a  certain  degree 
of  heat. 

(J)  Obsecve  the  violent  ebuUUioth  or  boiling  i2p,  of  the  water,  as  the 
eteam  issQes  from  its  surface. 

Exp.2,  Boil  some  water  in  an  egg  shell;  the  evapotntion  of  iSbtb 
water  prevents  the  ^g  shell  firam  being  bimied* 

In  warm,  drj  weather,  water  rises  spontaDeoaslj  iato  the 
air ;  this  is  called  evaporation. 

Exp,  3.  Poor  a  little  water  on  a  plate ;  after  a  short  time,  if  the  at- 
mosphere is  in  a  dry  state,  all  the  water  will  be  evaporated.  Where  has 
it  gone  ?  It  is  abeoibed  by  the  suiroonding  air,  which  has  a  certain 
capacity  for  retaining  moiBCait;  this  eapacity  increases  with  the  tan* 
petatore  of  the  air. 

A  diop  of  ether,  kt  hSl  upon  a  plate^  will  be  still  more  rapidly  evap- 
orated. 

Wrap  a  bit  of  blotting  pqier  round  the  ball  of  a  thennometer ; 
moisten  the  paper  with  water ;  in  a  short  time  the  mercury  in  the  tube 
wiU  £Edl ;  thez^y  showing  that  the  evaporation  of  the  water  produces 
cold. 

The  effect  in  this  experiment  will  be  more  maiked  if  spirits  Or  ether 
are  used  in  the  place  of  water. 

Let  fall  a  drop  of  spirits  of  wine,  or  ether,  upon  the  back  of  the  hand : 
move  the  hand  backwards  and  forwards;  the  liquid  will  be  quickly 
evaporated,  and  a  sensation  of  cold  will  be  produced  on  that  part  of  the 
hand  where  the  dxop  was  placed. 

When  the  air  is  cooled  down  to  a  certain  point,  it  deposits 
moisture ;  this  is  called  the  dew  point. 

Exp.  4.  Bring  a  cold  plate  from  the  external  air  into  a  wann  room, 
where  there  is  a  good  fire ;  moisture  will  be  instantaneously  deposited 
upon  the  plate.  Here  the  air  in  contact  with  the  cold  plate  deposits 
a  portion  of  its  moisture.  Take  a  dry  tumbler  into  a  warm  nx>m; 
fill  the  glass  with  cold  spring  water ;  moiature  will  be  deposited  u^xin 
the  outside  of  the  glass. 

The  temperature  of  the  water  just  requisite  for  forming  the  deposition 
of  moxBture  is  called  the  dew  point  of  the  air  in  the  apartment. 

Dew  is  formed  upon  the  leaves  of  the  plants  in  a  similar  way. 

AVhen  air  contains  all  the  moisture  which  it  is  capable  of  suppolting, 
it  is  said  to  be  eatttrated  with  moisture.  In  damp  weather,  tlie  air  is 
always  saturated  with  moisture,  but  in  dry,  clear  weatlicr,  the  air  is 
usually  below  this  point  of  saturation. 
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The  evaporation  of  moisture  fix«n  the  earth  goes  on  more 
rapidlj  during  warm,  dry  weather^  tlian  in  cold,  damp  weather. 
When  the  atmosphere  is  warm  and  dry,  the  moisture  in  it  is 
perfectly  invisible ;  but  when  the  atmosphere  undergoes  a 
great  reduction  of  temperature,  the  moisture  which  is  in  it 
becomes  visible,  and  is  deposited  in  the  form  of  fog,  or  mist, 
or  dew,  and  also  in  the  form  of  rain  or  snow.  The  absolute 
quantity  of  moisture  which  the  air  will  sustain  depends  solely 
upon  its  temperature  ;  but  the  process  of  evaporation  is  accel- 
erated by  the  rarefaction  of  the  air ;  that  is  to  s^y,  other 
things  being  the  same,  water  will  be  much  more  fapidly 
evaporated  in  an  atmosphere  of  low  pressure  than  in  an  at- 
mosphere o£  high  pressure. 

Exp,  5.  Water  boiia  at  a  low  temperature  in  a  vacuum.  —  Half  fill  a 
flask  with  hot  water ;  boil  the  water  until  steam  issues  from  the  mouth ; 
remore  the  flask  from  the  flame  and  quickly  cork 
it:  the  boiling  immediately  ceases.  Pour  cold 
water  over  the  upper  part  of  the  flask ;  the  boil- 
ing immediately  begins  again  with  increased  vio- 
lence. 

Here  cold  appears  to  make  the  water  boil ;  how 
18  this  ?  The  cold  water  condenses  the  steam  in 
the  ui^KT  portion  of  the  flask,  and  forms  a  vacu- 
um, or  at  least  a  partial  vacuimi,  and  the  water 
boils  again  because  it  is  not  subject  to  any  pressure 
upon  its  surface.  This  explains  why  water  boils 
at  a  less  temperature  upon  the  tops  of  mountains  jy-  oa 

than  it  does  in  the  plains  or  vallej'S. 

.  When  the  lid  of  a  saucepan  is  kept' tightly  down,  the  water  boils  at 
a  higher  temperature  than  212°.  On  this  principle  we  obtain  steam  in 
the  boiler  of  the  steam  engine  of  a  great  expansive  pressure. 

61.    Cold  is  produced  when  certain  substances  melt. 

ExjK  1.  "NVben  you  form  an  effiprvescing  draught,  observe  that  the 
drink  w  very  cold.  Plunge  the  bulb  of  a  thermometer  into  the  mixture, 
and  you  will  find  that  the  mercury  will  fall  several  degrees.  Here  two 
cr}'8talline  substances  are  rapidly  dissolved  by  water;  and,  moreover, 
the  Ttqnd  escape  of  carbonic  acid  gas  further  aids  the  reduction  of  tem- 
perature. 

16» 
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^  A  2iq>J.  «=>£  XT  -TTfgwp  o^ne q£  cold  wih.  be  pR>- 

£^7^  1.  T^x  M.  ;wee  :<  ^ic  =^'  vKfr;  p'-jge  a  ^cnBmeCer  into  the 
Bq^ai :  =  a  s^Kzt  tzae  ib*  *S  ■  ■  iiwBn  vd  sak  ft»  S^,  the  tempaa- 
ts3«  M  wi&.^  "miCEZ  irfTset  ^-  M  v*:iJi  n  »eib :  tW  thfiiiMWiftB  will 
tfaad  M  «:^  »  jac^  as  t^szs  s  a  pBr^i>  of  ice  a  dbe  water. 


CERTAIN  LAWS  AXD  PKENX)MEXA  OP  HEAT  MOBE 
FITLY  COXSIDEREDl 

EXrJLSSIOS   OF   BODIES  BT  HEAT. 

G^  In  tKe  cocssracd^n  ot*  Lir^  metal  feUiirtures,  a  doe 
alknnuice  is  alwajs  ixLide  tor  the  expaosioQ  and  eootraicdoa 
of  the  materul  trcax  the  chazic^  of  tempenunre.  In  the 
great  tobalar  brid^^es,  seTcral  inches*  plaj  are  allowed  fiv  the 
expansion  and  ooatraciion  of  tlie  metaL 

ThefiHknrin*  appnatas  show«  iaastiikzBSi 
metabbj  heat:  — 

CD  is  a  metal  rod  fimisbed with  ahandfe 
A;  B  a  flat  plate»  pierced  with  a  hole,  into 
which  the  rod  CD  to  fiedy  and  exactly,  and 
prorided  with  a  notch  in  ooe  sde  exactly  cor- 
roponding  to  the  length  of  the  rod  C  D  when 
it  is  of  the  isiial  temperamre.  Xow,  when  C  D 
is  heated  in  the  firev  it  will  expand  in  all  direc- 
tions ;  and  it  will  be  fiund  to  be  too  thick  to 
eiter  the  hole^  and  its  length  will  be  so  much 
increassd  that  it  will  not  enter  the  notch.  Let 
the  bar  C  D  be  now  plunged  into  cold  water, 
then  it  will  letom  to  its  original  dimensions 
and  it  will  again  fit  the  hole  and  the  notch.  ^'  ^^- 
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Compensation  Pendulums. 

63.  In  order  that  a  pendulum  should  exactly  yibrate 
in  the  same  time  in.  winter  and  summer,  it  is  necessary 
that  its  length  should  not  be  altered  by  slight  variations 
of  temperature.  Penduliuns  which  are  constructed  so  as 
to  counteract  the  influence  of  changes  of  temperature  are 
called  compensation  pendulums. 

The  gridiron  pendulum,  represented  in  Fig.  88,  consists 
of  two  different  kinds  of  metals,  connected  together  some- 
what in  the  form  of  a  gridiron.  The  bob  P  is  suspended 
by  the  iron  rod  P  C,  which  is  attached  to  the  two  zinc 
rods  F  6  and  K  L  terminating  at  the  bottom  in  the  iron 
frame  B  £  D  A.  Now,  under  equal  augmentations  of  heat, 
zinc  expands  about  twice  as  much  as  iron ;  hence,  if  the 
length  of  the  iron  rods  in  this  pendulum  be  about  double 
that  of  the  zinc  rods,  the  expansion  of  the  one  metal  would 
exactly  counter^  the  expansion  of  the  other.  The  ex- 
pansion of  the  iron  rod  C  P,  as  well  as  the  expansion  of 
the  iron  frame  A  D  £  B,  carries  the  bob  P  farther  away 
from  the  point  of  suspension  S ;  but  the  expansion  of  the 
two  zinc  rods  G  F  and  L  K  brings  the  bob  P  nearer  to  the 
suspension  S ;  and  when  these  two  expansions  are  equal, 
the  distance  between  the  bob  and  the  point  of  suspension 
remains  the  same;  that  is,  the  length  of  the  pendulum  re- 
mains the  same  under  every  change  of  temperature. 

The  mercurial  compenaation  pendulum,  represented  in 
Fig.  89,  is  a  more  simple  contrivance  for  attaining  the 
same  end.  A  glass  vessel  B  containing  some  mercury  is 
suspended  from  the  pendulum  rod  A  C.  When  the  rod 
A  C  expands,  the  distance  of  the  vessel  B  from  the  point 
of  suspension  C  is  increased  ;  but,  on  the  other  hand,  the 
expansion  of  the  merciuy  in  the  vessel  brings  the  centre 
ci  gravity  of  the  mass  nearer  to  the  point  of  suspension ;  and  the  pro- 
portion of  the  parts  may  be  so  adjusted  that  the  efiect  of  the  expansion 
in  one  direction  may  exactly  neutralize  the  effect  of  expansion  in  the 
contrary  direction. 

nermometers. 

64.  These  important  instruments  are  used  to  measure  the 
degree  of  temperature  to  which  bodies  are  raised.  When  very 
high  temperatures  are  to  be  measured,  the  instrument  is  called 
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a  pyrometer.  The  change  of  ▼(dome  which  takes  place  in 
the  substance  employed  in  the  instrument  serves  as  an  index 
to  the  degree  of  heat.  The  thermometer  derives  hs  name 
from  the  particular  thermosoopic  substance  used;  thus  we 
have  the  common  mercurial  thermometer^  the  spiritrof-wme 
thermometer,  and  the  air  thermometer. 

Ths  mercurial  iharmmuder  oonflsti  of  a  Biudl  glaM  tabe  AC <f  uni- 
form boro,  to  the  ead  of  wkidi  a  bolbB  is  blown ;  this  bulb  and  a  small 
portioii  of  tbe  itflm  are  filkd  with  quicknlvcr,  and  the  open  end  of  tbe 
tube  a  hermeticaUy  sealed. 

Under  ordinary  circametanoea,  water  always  boik  and  ice  m^ts  at « 
fixed  teaiperature ;  tbiegivaiiisiheaneasQf  fixiag  a  trae  scale  of«att- 
parison  far  all  tbermometeiB.    In  our  country  ^e  temperature  of  malt- 
i^g  ioe  ia  called  22^,  and  tbe  boiliiif  hem^mtute-of  water 
2 12^  K>  that  between  tbeae  two  paiaSi  ef  tbe  icale'we  bave         f! 
ISO  equal  divieioBs  or  degfees,  each  etual  pottion  being  the       '^ 
amauBt  of  cxpawriaa  due  to  1°  of  tomperature.    To  grad^         \B*'^ 
uate  the  thenaoiBeteVt  therefore^  we^rrt;  plunge  the  bulb  into 
mckiag  ice,  and  plaoe  a  nark  of  d2^  at  A,  eipposite  to  the 
point  at  which  the  sMvciiry  etande  in  the  tube ;  we  ihea. 
plunge  tbe  bulb  into  boiling  water,  and*  in  like  manner, 
place  a  mark  of  213^  at  C,  eFp^oehe  to  the  point  at  which 
the  mercury  now  stands  in  thestem^  the  distance  between 
these  two  points  A  and  C  is  then  divided  into  ISO  e^ual 
parts,  each  part  being  oalled  a  degree,  and  the4BcaIe  is  ex- 
tended upwards  or  downwards  accordingly. 

The  apirU^'toUu  thermometer  is  graduated  in  a  similar     rv^^n 
'manaer. 

7%e  air  thermometer,  —  Fig.  91  represents  a  common  air  ^^^ 
thenaometer.  Here  the  cpen  end  of  the  tube  d,  with  its  bulb 
b  ixppermost,  is  inserted  in  some  colored  liquid,  which  is  al- 
lowed to  rise  up  a  portion  of  the  tube,  as  to  d.  When  heat  is 
applied  to  the  bulb  A;  the  air  ift  it  expends,  and  thus  depresses 
tlie  liquid  ii  in  the  tube ;  from  the  amount  of  depression  an 
estimate  may  be  formed  of  the  degree  of  heat  applied  to  the 
bulb.    These  instruments  are  exceedingly  sensitive. 

The  difftrentitU  thermometer^  represented  in  Fig.  92,  consists 
of  two  glass  bulbs  a  a  containing  atmospheric  air,  but  the 
lower  one  is  partially  filled  with  a  colored  fluid  which  rises  in  Fig*  91. 
the  glasB  tube  to  t^  sero  pcint  9.    From  this  point  the  de* 
gveeson  thaacalenm«panddo«B«asriKnminthsfigaxe.    It  will  be 
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undentood  that  when  the  two  bulbB  are  placed  under  the  same  heat, 
as  they  usually  are  when  the  instrument  is  not  in  use,  the  colored  liquid 
stands  at  the  zero  point  0  on  the  scale ;  but  if  the  temperature  of  the 
upper  bulb  be  raised,  then  the  liquid  will  sink  below  this  sero  point,  and. 
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on  the  contrary,  if  the  temperature  of  the  upper  bulb  be  lowered,  tbe 
liquid  will  rise  above  the  zero  p<»nt ;  hence  the  instrument  has  been 
called  the  tUfferential  thexmometer,  because  it  measures  any  minute  dif- 
ferenoet  of  temperature  in  the  two  bulbs. 
Fig.  93  represents  another  ^orm  of  this  instrument. 


PROPAGATIDN  OF  HEAT. 

65.  The  iree  caloric,  as  already  stated,  in  all  bodies,  tends 
to  a  state  of  equilibrium,  or  to  a  state  of  equality,  with  respect 
to  its  distribution.  Heat  is  propagated  by  direct  radiation>by 
reflection,  and  by  condactioii. 

BADIATION  OF  CALORIC. 

66.  Badiant  caloric,  like  light,  is  thrown  off  from  the  sur- 
fiu^es  of  bodies  in  all  directions  in  right  lines. 

The  intensity  of  radiant  caloric  may  be  measured  in  the'fbllowing 
manner :  — 

Exp.  Place  the  bulb  T  (Fig.  04)  of  an  air  thermometermear  to  a  hot 
metal  ball  M ;  between  them  interpose  the  screen  8^  through  which  an 
aperture  O  is  made. 

When  the  aperture  O  is  brought  in  a  line  with  the  heated  ball  M 
and  the  bulb  T  of  the  thermometer,  the  liquid  instantly  descends.    By 
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phosphorus  or  gunpowder  in  the  focus/ of  the  reflector  M,  and  a  red  hot 
metallic  ball  in  the  other  focus/' ;  in  a  few  minutes  the  phosphorus  or 
gunpowder  will  be  ignited,  by  the  heat  radiated  from  the  ball  and  con- 
centrated at  the  focuaf  by  the  reflectors. 

ne  reflecting  power  of  substances  yaries  not  only  with  the 
nature  of  their  surfaces,  but  also  with  the  material  of  which 
they  consist  Polished  metallic  surfaces  are  the  best  reflectors 
of  heat,  and,  according  to  Leslie,  brass  and  silver  are  the  best 
reflecting  substances.  Non-metallic  bodies  have  very  low 
reflecting  powers ;  indeed,  many  of  them  entirely  absorb  all 
the  heat  which  impinges  upon  them. 

A  body  absorbs  that  heat  which  it  does  not  reflect ;  hence 
the  absorptive  powfer  of  a  body  is  inversely  as  its  reflective 
power ;  and,  as  a  general  rule,  the  power  of  absorption  cor- 
responds with  the  power  of  radiation :  thus,  for  example,  a 
surface  of  lampblack  has  no  reflective  power,  but  it  possesses 
the  highest  radiating  and  a|^orbing  power. 

Those  substances  which  allow  all  the  rays  of  heat  to  pass 
through  them  are  called  dicUher^manous  ;  and  those  substances 
which  retain  all  the  heat  they  receive  are  called  ather'manouB. 

Gases,  such  as  the  air,  are  diatheimanous ;  and  opaque  bodies,  such 
as  the  metals,  are  athermanous.  The  power  of  a  body  to  transmit  heat 
depends  upon  its  possessing  some  degree  of  transparency ;  but  at  the  same 
time  it  is  remarkable  that  the  capacity  of  liquids  and  solids  for  transmit- 
ting heat  ia  not  always  in  proportion  to  their  transparency  or  capacity 
for  transmitting  light.  Bock  salt  is  the  most  diathennanous  of  all  soUds, 
and  alum  is  the  least.    Of  all  liquids  water  is  the  least  diathermanous. 

LesUe^s  Experiments  on  the  Radiating  Powers  of  different 
Surfaces. 

In  these  experiments  a  small  canis- 
ter of  tin  was  employed,  one  side  of 
which  he  polished,  the  second  he  made 
rough  by  scraping,  the  third  he  cov- 
ered with  glass,  and  the  fourth  he 
coated  with  lampblack.  He  then  filled 
the  canister  with  boiling  water,  and  pre- 
sented the  different  sLdes  in  suocessioii  in  pi^,  97, 
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front  of  s  ooncare  reflector  M,  in  the  &eus  of  which  he  placed  a  bail 
/,  of  a  delicate  diiferential  thennometer,  as  shown  in  Fig.  97.  With 
this  flppaiatus  he  fixst  Terified  the  Uw,  that,  other  things  bdng  the 
same,  the  amowU  o/radiant  heat  ie proportional  to  the  difference  between 
the  temperature  qf  the  water  and  the  temperature  of  the  air.  He  then 
showed  that  the  radiation  is  proportional  to  the  extent  of  the  radiating 
aurfece,  and  inveiBely  as  the  distance  of  the  radiating  surface  from  the 
reflector.  Be  further  sbeiwed  that  the  polished  &ce  of  the  canisto-  radi*- 
ated  the  kaat,.  and.  that  covered  with  lampblack  sodiatod  the  moats  and 
Bo  on.tft  the  radiatiTig  powexs  of  the  other  surface. 


CONDUCTION   OP  HEAT. 

07.  It  baa  already  been  sheini  (see  page  186)  that  bodiev  difo  ▼oiy 
much  in  their  powev  of  coBducting  heat.  The  following  simple  expeii- 
ment  shows,  in  a  marked  manner,  the  diflierence '  in  the  conducting 
powers  of  rods  of  different  substances. 

Exp.  Take  two  equal  rods,  (say  of  iron  and  glass ;)  tie  them  together 
at  one  end  with  a  piece  of  fine  wire,  aid  attach  a  ball  of  wax  at  their 
other  extremities,  b  and  d^  as  shown  in  ' 

Fig.  98  ;  apply  the  flame  of  a  spirit  lamp 
to  the  pert  a  e,  where  the  nxia  are  con- 
nected ;  then  the  wax  on  the  iron  rod  will 
be  completely  melted,  while  that  on  the 
glass  rod  will  remain  michanged ;  thereby 
diowihg  that  iron  is  a  much  better  con-  Fig,  98. 

ductor  of  heat  than  glass. 

TTie  propagation  of  heat  in  liquids  varies  according  to  the 
part  at  which  the  heat  is  applied.  When  the  heat  is  applied 
at  the  surface,  the  conduction  goes  on  very  slowly ;  in  this 
case  the  liquid  conducts  heat  in  the  usual  manner :  but  when 
the  heat  is  applied  to  the  lower  portion  of  the  liquid,  the 
heated  particles,  being  specifically  lighter  than  the  cold  parti- 
cles, rise  successively  to  the  surface,  while  the  cooler  particles 
at  the  surface  descend ;  and  thus  this  constant  current  diffuses 
the  heat  equally  throughout  the  whole  mass.  But  this  trans- 
mission of  heat  takes  place  independently  of  the  ordinary 
principle  of  conduction ;  it  is,  in  fact,  an  operation  of  convey 
ancey  not  of  conduction  from  partide  to>  particle. 
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The  followmg  ezperiments  sufficiently  establish  the^  truth  of  these 
laws :  — 

Exp.  1.  Partly  fill  a  flask  with  water,  and  throw  some  powdered 
amber  (or  any  substance  having  nearly  the  same  specific  gravity  as  water) 
into  it ;  h^t  the  water  by  a  spirit  lamp ;  the  currents  in  the  fluid  will 
be  apparent  from  the  ascent  of  the  particles  of  amber  up  the  middle  of 
the  water,  and  from  their  descent  at  the  sides  of  the  yessely  as  shown  in 
Fig.  99. 


Fig.  99. 
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Exp.  2.  A  (in  Fig.  100)  represents  a  tin  vessel  fUll  of  water;  a  and  * 
thermometers  —  one  placed  near  the  top  of  the  vessel,  the  other  near  the 
bottom. 

Float  a  metal  cup  c,  filled  with  spirits  of  wine,  on  the  surface  of  the 
water ;  set  fire  to  the  spuit,  and.  the  heat  produced  will  very  soon  be 
shown  by  the  thermometer  a,  but  the  thermometer  b  will  remain  for  a 
long  time  >vithout  showing  any  indications  of  heat. 

Kemove  the  cup  c,  and  place  the  vessel  on  a  lump  of  ice ;  the  lower 
thermometer  b  will  now  in  a  short  time  indicate  a  reduction  of  tempera- 
ture, while  the  upper  thermometer  a  will  remain  imchanged. 

These  experiments  show  that  water  is  a  ^d  conductor  of  heat. 

Place  the  vessel  on  a  hot  plate  or  brick ;  the  whole  of  the  water  will 
become  rapidly  heated,  and  both  thermometers  will  indicate  the  same  or 
nearly  the  same  amount  of  heat. 

Place  a  piece  of  ice  upon  the  surface  of  the  water ;  both  thermometew 
will  speedily  indicate  a  decrease  of  temperature.  The  particles  of  the 
water,  as  they  cool,  become  heavier,  and  descend  to  the  bottom,  while 
the  lighter  particles  at  the  bottom  rise  to  the  top,  and  so  on. 

But  the  water  at  the  bottom  cannot  be  cooled  in  this  way  below  89^9 
17 
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^  In  the  tempente  and  torrid  zones  tlie  temperature  of 
the  ocean,  generallj  speaking,  diminishes  as  the  depth  belov 
llie  sorftoe  increases ;  bat  the  Tevezse  of  this  takes  place  in 
the  frigid  sooes,  for  when  the  water  at  the  sorfiice  is  less  than 
32",  the  lower  pcvtions  cannot  have  a  lower  temperature  than 
390^  for  this  is  the  temperatore  corresponding  to  the  greatest 
specific  gravitj  of  water.  Hence  it  is  that  ice  is  alwajs 
l^yrnied  upon  the  surface  of  the  water,  and  not  at  the  bottom. 
Hence  fishes  are  enabled  to  live  in  our  northern  seas. 

If  the  ordinary  law  of  density,  as  depending  upon  temper- 
nmxe,  had  existed  in  this  case,  the  whole  of  the  northern  seas 
^yottld  have  been  conyerted  into  one  solid  mass  of  ice. 

ffeat  of  ike  JJmotpkere, 

69.  Aeriform  bodies  resemble  liquids  in  their  laws  of  con- 
da<iioD  and  conveyance  of  heat.  Still  air  is  the  worstooo- 
dactor  of  heat,  but  by  the  rapid  ascent  and  descent  of  its 
p^des,  it  distributes  heat  even  more  rapidly  than  watec 
Hie  various  motions  in  the  atmosphere^  noCioed  in  Pbea- 
iB^iticSy  depend  upon  this  property. 

Queries. 

70.  The  student  win  now  be  able  to  answer  the  foQowiqg 


1^  \rh0ther  will  water  boil  sooner  in  enthen  ware  vends  or  hi  tin 
^> 

«  "VM  ]» the  me  of  haying  dofiiUe  windows  in  a  honee  } 
^  ^SniT  do^v**  caxmoQ  become  socner  hot  than  ixon  ones  } 
4^  St  ^  ^'"^  ^  ^^^  ^  ^'^^^  ^^  *  P^^^  ^  metal,  both  at  a  tem- 
^  Ij^  than  our  body,  the  metal  fedbi  hotter  than  the  wood. 


^^ 
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vhtoioofe.    IVlrr? 

6.  Wbst  iB  tlwvR^f  Bukiag  boOm  md  flgncepHuirldiiHteliot- 
toms? 

7.  THiy  are  "wooDjea  ahuts  wanner  than  linen  ones } 

8.  What  part  of  a  crowded  church  is  the  coolest  ? 

9.  Snow  is  a  bad  conductor  of  heat.  What  is  the  v$S3ai^  ef  thif 
property? 

19*  Wily  dees  a  'nm  blow  his  nHtwli  to  make  uu9n  wamif  Knd  his 
«I7  to  make  it  coal  9 

ll.« Why  an  peoyla  HaUe  to  caldi  ooU  iihaL  iSaej «dt  tbriridDtbes 
danp? 

12*  Why  should  an  ink  bottle  have  a  amall  xnouth  ? 

UcUe  of  Conduction  in  JBodies. 

71.  The  rate  at  whitfh  heat  is  eoadocted  depends  upm  the 
difiexfAce  of  tempenitore  between  the  bodies,  or  parts  vi  a 
body,  that  are  iireoiitact.  Tkis  will  foe  nMufeBt  from  tbe  ftl- 
bwiag  experiment :  -— 

JStBp*  Plfsii^  a  ihefuniBieter  into  hot  woter «  at  nnt  the  ascent  of  the 
mercury  in  the  tube  is  very  rapid,  but  as  the  taufpciafw  <rf  the  memmy 
in  the  bulb  approaches  the  temperature  of  the  water,  the  ascent  of  the 
BKKttry  goe^on  more  and  more  slowly. 

Heat  is  <»f>iible  ef  diffositig  itself  more  or  less  rapidly 
through  Hie -pftrtidee  of  all  bodies* 

OcgfocOg  of  Bodies  for  Beat.  —  ^cijic  Seat  of  Bodies. 

72.  Th»  anckiiit  of  iree  caloric  in  two  different  quantities 
^  the  sanw  svdnstanee  at  the  same  temperature  is  proportional 
to  their  masses :  thus,  two  pints  of  hot  water  will  contain 
twice  the  quantity  of  free  caloric  that  one  pint  of  the  water  at 
tbe  same  temperature  does. 

H  two  eg^  ^TttotltiflS  (^  water,  or  any  other  Bqiad»  of  diBbvtm  tem- 
peratures, be  mised^  the  heat  of  the  mixture  will  be  the  mean  of  the 
two  temperatures.  For  example,  if  a  pint  of  water  at  60^  be  mixed 
"With  another  pii&t  of  water  at  SO**,  the  temperature  of  the  mixture  will 
he  eqind  to  one  haSf  xif  146^,  or  70^.  If  thdr  quantities  are  uneqiuQ, 
their  common  HwyswiMw  aller  BnaMewfll  be  Ibond  by  dhidnigihe 


be  mfiy  |BOfvdJ]j  ex* 


tans  of  Wk.  If  ve  pSacae  1  Ih.  of  «Mer  aad  1  lb.  of  nier- 
oKjCKalia  iiiaie.  k  k  obrioB  tlm  die  Mcrcny  wil!  attain 
JBT  rrrcB  uamiBijmirc  nndi  sooBer  tbai  tbe  vater.  The 
reader  k  aoc  id  barv  a  lu^ier  cofmdtgfor  keai  fhm  the  mer- 
csnr^  iir  i:  rpqinres  a  iar^o*  quauliij  of  beat  to  raise  it  to  the 
MBK^  iBBEMssinre.  Tlw  ^paatosr  ef  heait  iei|iiiied  to  nise 
^rvQfte  «f  hiiffiri  V  is  caQei  f^ar  tp^tijk  htaL  In 
.xnf  cafMan*  «f  bones  ftr  keait  ^eaeaaeswith  dieir 
^eaeasTs  ifan  jouumjt  Iik  a  ks  capftcitjr  ftr  heat  than 
«afts;W«aK^]s>^MBscTBgreaav;  thaa  the  thin  air  on  the 
tk-m  «f  ttomraw  bat  «  h^er  nuMiiiij  fat  beat  than  the 
^osr  a  tb^  |ibh]n& 


.— :Mix  1  lh.flr»BRVTM€r»«idillk€C«iterat320; 

lliiii  tW  II— 1  oiiiim ■ ■'  1iL  iij  I um  wrU  jmmI  fn Tr  71" 

H«K^»seRnBThM»  3^,jDi£  d»  v:Mv  gHol*;  Ootbtoaj, 
a»  3^  rf  ibr  MUiij  <fciT  III  ■— ■  ibt  m:^g  l^  tbatfac  the  qpfc> 

C^«rm«Mr  KT  bM  »  »   IM  It^  \i  Mill Mj      T-   ^ "  *^- 

ciiyaciteT  <g  jynca&f  beat  rf  mm^- 1^  tibna  d«  capaciij  v  ^eofic  hnt  of 

Ib  tbo^ra^tbr  wwiiir  beOl  «f  ^hibos  hofifs  mmw  be  drtmnnwid. 
Baft  tbe  caimnr  ctf' ddftfl«M  sdbnaM»  te  biM  hs  bem  BOR  ae^^ 
dcterwMd  W  «faMrnii5  tbe  ^[SMdiT  <€  » lii^ 
^Avii^    Tbe  WLmMUH  igbw^  fcr  dii  |Mpo»  hi  bemcrileda 


Jl  «AmjK  ^/^vWiMit  u  imrmriMf  mOrmdti  wiA  a  ekamge  of 
9p^jtt  k0mL  —  HVn  tbe  bulk  oTa  bodhp  is  rednoed,  its  c«- 
fioeitj  for  beet  is  also  itdeeed.  and  free  odorie  is  erolTed. 
When  the  bolk  c^  a  bodj  »  inaensed»  its  oapttcitj  iar  heat  is 
idso  inerett»ed» and  fh?e  oahMnc  is  absorbed;  and  benoe  the 
change  i$  ftUowed  by  «  reduction  of  temperatue. 
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£q9. 1.  The  sadden  condensation  of  air,  in  a  small  tobe^  lumng  a 
solid  piston  4||ed  to  it,  will  ignite  tiader.  A  little  ipstnunent  of  this 
kind  is  sold  by  philosophical  instrument  dealers. 

Exp,  2.  Air  fixciblj  expelled  from  the  mouth  feeb  cold.  Here  the 
cold  is  due  to  the  sudden  expansion  of  the  air. 

Exp.  3.  Iron  when  hammered  becomes  liyt.  Here  the  ^lAT1r^Tlr^f^^^|g 
brings  the  particles  of  the  iron  nearer  to  one  another. 

jEi9».  4.  Pour  water  on  some  quick  lime ;  the  water  becomes  inooipo- 
hEted  with  the  solid  substance  of  the  lime^  the  specific  heat  of  the  two 
substances  is  reduced,  and  a  powerful  hiaX,  ia  therefore  erolved.  (See 
also  Expmmmt9  1,  2,  and  3,  pages  185-6.) 

Seat  changes  the  Form  of  Bodies. 

73.  It  has  been  shown  (see  page  183)  that  when  a  body 
changes  its  form,  either  a  certain  qaandtj  of  free  heat  is  ab- 
sorbed and  becomes  latent,  or  a  certain  quantity  of  latent  heat 
is  evolved  and  becomes  free.  Thus,  when  a  body  passes  from 
the  solid  to  the  liquid  state,  or  from  the  liquid  to  the  gaseous 
state,  a  certain  quantity  of  free  caloric  is  absorbed ;  and,  on 
the  contrary,  when  a  body  passes  from  the  gaseous  to  the 
liquid  state,  or  from  the  liquid  to  the  solid  state,  a  certain 
quantity  of  latent  heat  is  set  free :  the  former  changes  pro* 
duce  cold,  the  latter  are  attended  by  the  evolution  of  heat. 

The  change  of  solids  to  liquids  is  called  fusion  or  melting. 
The  change  of  solids  or  liquids  to  the  vaporous  or  gaseous 
state  is  called  vaporization  when  it  takes  place  with  boiling 
or  ebullition^  but  when  the  change  takes  place  at  ordinary 
temperatures  of  the  air,  it  is  called  evaporation. 

Exp.  1.  Heat  a  small  piece  of  brimstone  in  a  test  tube ;  the  brimstone 
first  melts,  and  then  rises  in  the  form  of  vapor ;  these  vapors  condense  on 
the  upper  portion  of  the  tube. 

Exp.  2.  Heat  a  very  small  piece  of  iodine 
In  a  flask;  the  flask  becomes  filled  with  the 
beautiful  violet-colored  vapor  of  iodine. 

Ex^.  3.  Boa  some  water  in  a  retort,  and 
receive  the  condensed  steam  in  another  glass 
vesseL  (See  Fig.  101.)  This  is  called  dis^ 
tilled  water,  and  the  operation  is  called  dis- 

17» 
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£i^  4.  Ap|>l7  the  heat  in  the  last  esperiiBflHt  fo  as  to  eMise  tfi«^  rti^ 
to  blow  out  of  the  ncMole  of  thexetgrt;  now  qtnc^y  iipvt  the  relovt 
-with  its  noole  in  the  wttcr ;  a  sudden  and  yioknt  condeaflitien  oC  ^ 
the  steam  in  the  xetort  will  take  pllM»  and  the  oool  water  will  iujd&  into 
the  xetort  and  will  completely  fiU  it. 

ne  Latent  Beat  of  Steam. 


74.  Pig.  102  fepMBBDla  an  qppantoa  te  i 
aleam,aoaatoflnahleustoaacertBin  the  avMBitelitvUtflBiha^    ▲ 

is  a  copper  boiler ;  a  5  the  eteasi  pipe 
leading  into  a  Tesael  b  containing  water ; 
the  steam,  as  it  enten  the  cold  water,,  is 
instantly  condensed,  and  imparts  its  la- 
tent heat'to  the  water  in  the  veaid  until 
it  reaches  the  boiling  point.  Let  61  oz. 
of  water  at  32®  be  placed  in  the  vessel  6, 
and  let  the  processes  of  condensation  go 
on  until  the  water  is  raised  to  the  tem-  j;\g.  102. 

perature  of  212^ ;  then  it  will  be  ibund 
that  there  are  6i  oa.  of  water  in  the  vessel  d;  that  is  to  say,  the  eon** 
densation  of  1  os.  of  steam  has  raised  5^  oa.  of  water  tsom  the  temper* 
nture  of  32<>  to  that  of  212<>.  Hence  it  fbUowa  that  the  latent  heat  of  a 
given  portion  of  steam  vi  capable  of  raising  54  timea  its  weight  of  water 
180<»,  and  therefore  it  will  raise  an  equal  weight  of  water  61  times  180«, 
or  990®,  or,  in  round,  numbers,  1000®.  This  number,  thereftttc,  repre- 
aents  the  latent  heat  of  steam. 

JSxpamive  Force  of  ISeam, 

75.  When  steam  is  generated  in  a  dose  vessel,  like  the 
boiler  of  a  steam  engine,  as  the  temperature  of  the  water  is 
raised,  so  the  density  and  pressure  of  the  steam  is  raised  ao-  * 
cordingly. 

Fig.  103  represents  an  apparatus  for  aacertaining  the  law  of  relation 
between  the  temperature  and  jwessure  of  steam.  B  is  the  b<nler  partly 
filled  with  water ;  L  the  heat  applied  to  it ;  A  B  a  barometer  tube,  open 
at  both  ends,  dipping  into  a  portion  of  mercury  at  the  lower  part  of  the 
boiler;  T  a  thermometer  with  its  bulb  inserted  in  the  steam  ;  C  a  stop 
cock,  which  may  be  closed  or  opened  at  pleasure.  Now,  when  the  tem- 
perature of  the  steam  is  raised  above  the  boiling  point,  (212®,)  the  mei^ 
cury  rises  in  the  barometer  tube  A,  and  the  height  of  the  meronry  and 
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the  temperatme,  as  indicated  by  the  thermom- 
eter,  being  otmrved  at  the  same  instant,  gives 
us  the  means  of  determining  the  relation  be- 
tween the  ptemsiue  and  temperatuie  of  the 
steam.  When  the  steam  issues  from  the  cock 
C»  the  mercury  in  the  tube  A  B  is  at  the  same 
level  as  the  mercury  in  the  boiler,  and  then 
the  pressure  of  the  steam  is  the  same  as  that  of 
the  atmosphere,  which  weestimate  at  a  odumn 
of  30  inches  of  mercury ;  when  the  stop  cock 
is  closed,  and  the  mercury  in  the  tube  A  B 
rises,  we  must  add  this  column  (£  mercury  to 
the  30  inches  fcr  the  total  column,  balancing  the 
preanire  of  the  steaar  in  the  boiler.  Thus,  fin: 
example,  when  the  temperature  is  232^,  the 
mercury  in  the  tube  A  will  stand  at  the 
height  of  15  inches  aboTe  the  level  of  the 
mercury  in  the  boiler,  that  is  to  say,  the  pres- 
sure of  the  steam  in  the  boiler  will  be  meas- 
ured by  a  column  of  mercury  equal  ^  46 
inches,  or,  in  other  words,  the  pressure  of  the 
steam  at  232^  will  be  IJ  times  the  pressure 
of  the  atmosphere,  or  equal  to  about  22^  lbs. 
per  square  inch.  Experimental  tables  have 
been  oonstruoted,  giving  the  relation  of  the 
temperature  and  pressure  of  steam. 

Various  simple  pieces  of  apparatus  lutve 
been  constructed  to  illustrate  the  expansive 
force  of  steam  generated  under  high  pressure. 

Fig.  104  shows  bow  the  expansive  force  of  a  jet  of  steam  issuing  from 
the  pipe  a  b,  and  impinging  upon  the  vanes  of  a  wheel  W,  is  capable  of 
5TT*rftrtii?g  a  rotating  motion  to  the  wheel. 


Fiff.  103. 


JV^.  104. 


■  ■-■■^■■a  uw^w. 


:'-_r:i^1 


rr. : 


Tx.  '  ^^  *anr*  aow  :^  -"■  .1.1.  t  t>^ 

J*^  .    '  -^  -T*  "irtT  1  vr  rf  aT-nTT.  jr-;ecc^ii  cc  die 
sci  s^  X  i.ia«  "'  r  X  lu'^rTiTe. 

^.  2_L:i  lie  raTf>--Zi=i  r^-'re  i  i  ^rirh 

^£  A ;  if  tbst  snrrci^ci  —ta  tb?  r:ibe 

y  cf  tie  Iar=ii  'wicse  Trpcr  be 

t  5,  ojsLjae.    T^is  1.:-^  rises  tr  tbe  t:^  cf 

,  jcvi  occn^ies  a  pcrtxn  rf  ti»  tA>u..i!a 

* ;  c  t2iT7  rrrs  csf  is  "np:T,  'rhijh  casjrs  tbe 

«  c«JJ5iJ»=c-^^-^  **  ^^  cjsddtj  cf  tiis  Taper, 
,iy^^  B  ii^^slint  JTpxi  its  li23t.  This  rcdnctin 
jt  A?  cccaaek.  ciiatTxrT  circs  the  cdtrria  cf  mer- 
^j^  *>t  a?  tie  ^ui4MC  of  ihr  rapor  at  the  pardc- 
^j^  B^atacramre.  la  order  to  vary  the  tesnpcra- 
^^  ^  ««r:Bsze«  he  soirouaded  ths  upper  port  of 
j^.  r^rrv^rJia  tube  with  a  wide  gla?s  ^abe  c,  and 
^-^  ^  ^::h  water,  in  which  he  placed  a  thcnnom- 
5.  tbcQ  bira^^d  this  water,  which  caused  the 
r  V  dsseend  in  the  tnbe,  and  occupv  a  posi- 
*^^-^jijRg  to  the  elasticitr  of  the  vapor  in 
^  L-^pactioa:  ^T  noting  the  temperature  and 
^^^^  ^  ^  mercmT  at  the  same  instant,  he 
^     'x^t^gire  the  xdatioxi  .between  the  temperature  of  the  vapor 


H^ 
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EVAPORATION. 

76.  The  leading  law3  and  effects  of  evaporation  Tiave  been 
explained.  The  following  experiments  and  expositions  are 
intended  to  place  the  subject  in  a  more  prominent  and  scien- 
tific point  of  light. 

Exp.  1.   Water  frozen  by  evaporation*  — • »  a  is  a  glass  Teasel  contain- 
ing stzong  sulphuiic  add,  over  which  is 
placed  a  tripod  stand,  supporting  a  po- 
zous  cup  c  c  of  earthen  ware,  filled  with 
cold  water :  the  whole  is  placed  under  a 
glass  bell  dd^im  the  x>late  of  a  good  air 
pump.    When  the  air  is  exhausted  from 
the  receiyer,  the  water  in  the  cup  be- 
comes  gradually   conyerted    into    ice. 
Here  the  exhaustion  of  the  air  causes  the 
evaporation  of  the  water  to  go  on  with  increased  ni{nd>- 
ity;  at  the  same  time,  the  sulphuric  add  absorbs  this 
vapor  as  it  is  being  formed :  the  rapid  evaporation  from 
the  8ur&ce  of  the  water  produces  a  cold  sufficient  to 
freeze  it. 

Exp,  2.  Mihreury  frozen  hy  evaportUion.  —  Q  is  a  mer-  g 
cuiial  thermometer,  and  W  a  spirit-of-wine  one,  fixed 
Ade  by  side ;   the  balls  a  a  of  the  thermometers  are 
wrapped  with  cotion,  saturated  with  rectified  sulphuric 
ether ;  the  whole  is  placed  nnder  a  receiver  ^  ^,  on  the 
plate  of  an,  air  pump.    When  the  air  is  exhausted  from 
the  recdver,  the  cold  produced  by  the  rapid  evaporation 
of  the  ether  will  cause  the  mercury  to  become  solid ;  the  temperature  at 
which  this  takes  place,  as  indicated  by  the  spirit-of-wine  thermometer, 
is  about  40°  below  zero.  ^ 

The  eryophorut  was  invented  by  Wollaston,  for  freezing  water  by  its 
own  evaporation :  it  consists  of  a  glass  tube  A  B  (see  Fig.  Ill)  termi- 
nated with  two  bulbs  C  and  D,  on 
short  branches  bent  at  right  angles  to 
it.  A  portion  of  water  is  introduced 
through  a  little  tube  O  at  the  bottom 
of  the  bulb  D.    This  water  is  then 

boiled  in  C  until  all  the  air  is  blown  . 

out,  and  the  whole  interior  space  is  filled  with  steam ;  the  tube  O  is 
then  dosed  by  melting  its  fine  extremity  in  the  flame  of  a  blowpipe. 
When  the  instruxnent  has  become  cool,  the  cndoeed  water  is  then  sux* 


i^llO. 


kl  mmam  wm  ^m  it 

«dte  Wb  vin  ipnOy  be  taraed  iHto  ics.  Hcv  Hk  cold  pndaced 
^^efaeng  wixtan  n  mnmrnnOj mmitmm%  Ae  mgmamynfatm 
tkKbJbD;  ladaitlMKii  noarm  i 


m  AeoilKr  bulb,  asd  tbb  goa  € 
Inc  k  itemeled  from  tbe  mtet  by  Ae 

F%.  lis  mwwiHi  MioCber  Cum  of  dv 

v^idi  a  to  be  ftaaea;  e  the  eo^ty  bnlb 
ftmp*i  vitb  wamt  tdAU^  moirtcatti  vidi  ct 
^BM  tbe  cnpondon  (tf  the  tthet^  air  ■ 
fiMspBTof  beOvmiipeBtbebobcL   Tbe 
iMBt  aiaj  be  peHonnid  move  quickly  by 
Tmhmcimamr 


FSf.  11% 


Moitture  in  the  Air. — Hygrometen. 


«'#  hair  kyfrmiuUr.^Thtwo^  of 
;  depends  on  the  ibet,  tbat 
Yfj^SQx  if^^b^  motfttune  nooi  ft  diwip 
^oiBg  io,  swell  out  in  thicknoi^  b«^  coDtfci  is  langtlL 
^litiBrtniiiient  is  vspnsented  in  Fig,  118.  A  B  is  a  bn. 
,1^^  bsir,  about  one  fiwC  long,  (freed  haoL  all  gnve  by 
yia;»p  it  in  a  weak  solution  of  soda  or  potassa ;)  one  end 
of  it »  tetened  to  a  book  at  B,  and  die  otibcr  a  posHd  over 
^  txfd  pulley  P,  and  is  stiained  tight  bymeaBiof  a  small 
^i^^t  W.  The  contraction  and  expansion  of  this  bair 
^  notion  to  an  index  pointer  C»  which  moves  over  the 
^^  of  the  graduated  arc  a.  The  two  extreme  points  of 
-4^  jfSile  are,  where  the  index  pointer  stands  in  a  peclbetly  dry 
.j^^m.  tfid  where  it  stands  in  an  atmosphsre  satonted  with  m 
^^|f[Wtf  point  is  marked  0,  or  znOp  and  the  latter  is  usually  marked 
_l^^  gud  ^  intervening  arc  is  divided  into  100  equal  parts»  each  past 
"^^^arf  a  degree*  The  aero  point  is  obtained  by  cudoeing  the  in» 
^^^i^te  a  fl^  bell,  ftmn  which  the  aqueous  vapor  is  withdrawn  by 
"^^  u  di7  chloride  of  calcium,  or  strong  sulphtiric  acid :  the  point 
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bell  standing  aver  water.    It  must  be  observed,  however,  that  the  degree^^r 

of  humidity  shown  by  this  instrument  are  not  exactly  in  proportion  to 

the  humidity  existing  in  the  air:  indeed,  it  is  exceedingly  difficult  to 

Biake  a  perfact  hygrometrical  instrument. 

\    The  experiment  explained  at  page  184  gives  a  rimple  and  tokrably 

accnrate  method  of  detenmning  ths  dew  point  of  the  atsaosphere  at  any 

time. 

The  mercurial  hy^romet^.  —  A  good  instrument  of  this  kind  is  rep- 
TCsented  in  Fig.  1 14.    A  and  B  are  two  ordinary  mercu- 
rial thermometers  placed  by  the  side  of  each  other ;  the 
hulb  A  is  surrounded  wi^  musUn,  which  is  kept  in  a 
damp  state  by  means  of  a  cotton  thread  attached  to  it, 
the  other  end  of  the  thread  being  placed  in  a  cup  W  of 
distiUed  water;  the  other  bulb  B  is  "kept  dry.    Now,  as 
the  water  evaporates  firom  the  muslin,  the  mercury  in 
the  thermometer  A  falls ;  and  the  drier  the  surrounding 
air  at  the  time,  the  more  rapid  iis  the  descent  of  the  mer« 
cury ;  and  when  the  air  about  the  bulb  A  becomes  satu- 
rated with  moisture^  the  mercury  in  the  tube  becomes 
stationary,  and  the  point  at  which  it  stands  ^-ill  be  the 
dew  point  of  the  air  at  that  time.    The  greater  the  dif-       Fig.  114. 
&rence  between  the  two  thermometers,  the  greater  will 
be  the  dryness  of  the  air.    When  the  damp  thermometer  A  indicates  no 
decease  of  temperature,  then  the  surrounding  air  at  that  moment  will 
be  saturated  with  moistiue.  % 

Certain  Meteorological  Phenomena.  —  Dew. —  Clauds.- — 
Itain.  —  Snow. 

78.  When  the  sarface  of  the  earth  has  become  heated,  it 
imparts  its  heat  by  radiation  to  the  surrrounding  air ;  during 
the  day,  therefore,  the  lower  strata  of  the  atmosphere  are 
warmer  than  the  upper.  But  a  change  takes  place  after  sun- 
set. The  surface  of  the  earth  still  goes  on  radiating  its  heat ; 
bat  it  now  receives  no  heat  in  exchange,  so  that  its  tempera- 
ture at  length  falls  below  that  of  the  air.  Now,  the  air  imme- 
diately in  contact  with  the  cold  surface  of  the  earth  becomes 
cooled  down,  and,  if  the  temperature  falls  to  the  dew  point  of 
the  aiTj  then  the  vapors  in  it  are  condensed  on  the  surface  of 
th^  plantsy  or  the  Qoil»  in  the  form  of  small  drops  or  dewjust 
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1^  ibe  <S3c  vrr  23  t2:e  cell  tnnibler  bfeames  eorered  frJh 

s^_^  * Zjls  :i      t  :*r=^zir-^  dcIbl  t.,t:  mocstnre  is  deposited  in 
tl;  aBr=.  -4   i. *!.''-.,«:. 

Tie  sirriii.-^  «  i^  <in2i  roiLues  most  beat  when  the  skj 
»  ciear  aai  ier-af:  bos  u  is  cspedalij  ofastrocled  bj  douds, 
v^ac^  Ike  m  sg^ieA.  rftl.1:^  bock  to  the  earth  the  heat  which 
•l-ij  reetire  ±^jra  u.     Hi^ce  is  is.  tLa:  cear,  dcmdleu  nights 

T^  ATTv&s  i^-c  ml^i^.c  c;  _^jl:  :*a>ji  tbe  earth,  the  gardener 
C0vvr»  liS  uzs^tT  I  ujiis  w.t:i  E3j>::ia$  or  straw. 

Wia^  aai  r^vz-'.ri  "i>  a;^  the  great  causes  of  rain.  When 
a  v^irm  air,  De:&rlT  saysratcd  widb  footstnre,  is  mixed  with 
coui  air,  Bocsicre  is  al^ravs  precipitated,  and  beoomes  visible 
ti>  ttSs  *g^-^'^--j  e::Ser  t2^  lorm  of  ciouds  or  rain. 

w^  flr  to  be  dilica  bjr  a  wiad  towds  a  moontain  M; 

tbeairttsika  the  siopbi^  side  of  the  nwiiHiin,  it  i3ses»on  the 

cC  the  H Mfctiin  q£  aMtaoD,  aad  it  ii  cmied  ofcr  the  mwintiin 
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tg|»;  b]r  this  meutt  the  air  is  carried  from  a  wann  to  a  cold  xvgion;  its 
BKoistiix^  therc&se,  ii  predpttated,  and  asumes  either  the  farm  of 
cloods€rnin,or,  itmajbe,  when  the  cold  is  yery  gxent,  that  of  mow 
^  IniL  Hence  lircn  take  their  rise  in  moimtain  ranges^ 
yoQRtains  a]so  frequcntlj  attract  the  doods  towards  ^li^m,  and  thus 
iiainto&n. 


Xlie  two  great  pivcesses  of  evaporation  and  condentatiom 
^^  Ite  flMDs  vegetation  of  the  earth  ii  ooatin- 
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ually  supplied  with  moisture  from  the  great  reservoir  of 
waters — the  ocean  —  which  covers  the  larger  portion  of  the 
globe. 

Philosophers  have  found  it  difficult  to  account  for  the  suspensian  of 
the  particles  of  moisture  in  tlie  clouds.  It  is  generally  believed  that  the 
moisture  in  the  clouds  assumes  tho  form  of  vesicles  of  watery  vapor,  or 
little  buoyant  air  bubbles,  which,  being  in  the  same  electrical  state  as 
the  stratum  of  air  immediately  below  them,  not  only  repel  one  another, 
but  are,  at  the  same  time,  repelled  by  the  air  beneath ;  and  thus>  they  are 
smpixntcd  in  opposition  to  the  fDrce  of  gravity-  Query,  -  May  not  these 
vesicles  be  supported  in  the  same  way  as  a  little  sewing  needle  is  siip- 
ported  upoa  the  surface  of  water  ^ 
18 
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.   FRSUMINART  VIEWS^  AND  BXPERIim^TS. 

1.  What  is  electricitj  ?  It  is  a  snbtile  fluid  whicB  per- 
vades all  nature,  and  which  becomes  known  to  us  bj  its  pecu- 
liar properties,  or  by  the  way  in  which  it  affects  our  senses. 
Lightning  is  electricity ;  in  the  thunder  storm  nature  gener- 
ates the  electric  fluid  on  a  mighty  scale.  Electricity  is  most 
easily  generated  by  friction ;  or,  to  speak  more  definitely,  it 
is  rendered  apparent  to  our  senses  when  certain  bodies  are 
rubbed  against  each  other.  Electricity  appears  to  exist  in 
all  bodies,  in  a  latent  or  hidden  state ;  but  friction  and  other 
causes  disturb  this  state  of  quiescence  or  inactivity.  There 
are  various  means  of  generating  electricity  besides  friction,  — 
for  instance,  heat,  chemical  action,  or  pressure  will  generate  it, 
—  bi\t  we  pvMtoe  first  to  show  its  various  properties  when  it 
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is  ^nerated^PHction. 

EAST  COURSE  OF  EZPERIKENTS,  WTTH  SIICPLB  PRINCIPLES 
DERIVED   rROH  THEH. 

2.  The  following  electrical  experiments  may  all  be  performed  by  any 
intelligent  person,  with  no  other  apparatus  than  what  may  be  obtained 
in  any  ordinary  dwelling  house.  All  the  experiments  here  described 
have  been  repeatedly  performed  br-the  author  with  invariable  succeas. 
Many  of  them,  he  believes,  are  iiM^  and  simple,  and  highly  calculated 
to  interest  young  persons,  from  the  very  fact  that  they  have  it  in  their 
power  to  repeat  the  experiments  at  any  time  they  may  wish  to  do  so. 

Bodies  which  are  electrified,  or  which  contain  free  electri- 
city, attract  and  repel  li^  substances ;  and  when  the  eleo- 
tricity  is  generated  in  a  iBdent  quantity,  luminous  spariu^ 
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accompanied  by  a  sharp,  erackin^  noise^  pass  ftom  tke  electri- 
fied body  to  any  body  \Khicli  is  not  electrified. 

These  fuBdamental  facts  of  electxidty  ore  iUizstmted  by  tb^  following 
eaipeximents  i** 

£g».  1.  Rub  a  stick  of  stealing  imx,  at  a  dry 
glass  tube»  with  a  warm  piece  of  flannel  or  silk : 
electricity  is  generated.  Hold  the  excited  sdck 
of  seitog  wax  oves  soms  cuttings  of  Uj^t  paper, 
or  any  other  light  substances :  the  bits  of  paper 
wUl  be  attncted  by  the  sealing  wax,  and  will 
aomelinsss  fly  and  duoe  up  and  down. 

Bring  the  excited  sealing  wax  before  your 
eyes:  asensatkm  is  felt  ss  if  i^iden*  webs  were 
dsawn  scsoss  your  ftoe. 

Bring  the  sealing  wax  under  your  nose :  you 
perceive  a  faint  smell  lihe  phoqphorus. 

Suspend  a  feather  or  a  little  oork  ball  by  asilk 
thread,  as  shown  in  Fig.  2 ;  bring  the  excited 
sealing  ynx  near  the  little  ball :  it  is  first  at- 
trsctedi  and  then  it  is  repelled. 

Those  substances  which  readily  yield  electricity  by  friction 
have  been  called  eUctriew*  But  it  has  recently  been  found 
that  aU  substances  possess  this  property  in  a  greater  or  less 
degree. 

JScjp*  8.  Suspend  two  ftsithen  (ds  twv^llght 
cork  balls)  by  silk  threads,  as  shown  in  Fig.  3 ; 
bring  the  excited  sealing  wax  near  the  ftathers : 
they  are  first  attracted  to  the  sealing  wax,  and 
tiien  they  are  repelled  from  it;  and  they  will 
ftiaUy  befinmd  to  dirergeor  fly  fiom  each  other, 
as  shown  in  the  figure. 

Here  it  will  be  obsermi  that  the  dectrified 
body  first  attracts  the  featiiefs;  and  then,  when 
they  become  deetrifled,  in  the  same  way  as  the 
seaHng  wax,  they  are  repelled  by  it,  and  mu- 
tually repel  each  other. 

Exp^  3.  Bring  the  exeited  stick  of  stealing  wax  near  a  light;  downy 
feather,  fioating  in  the  air :  the  featherwill  first  be  attracted  to  the  seal* 
Sag  waa^  sad  tiisn  rcpelM  flramit^     As  the  sesling  wax  is  auyrsd 
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towards  the  feather,  it  will  continue 
to  fly  away.  In  this  way  the  feather 
may  be  driyen  about  the  room.  If 
the  feather  should  touch  any  body  not 
electrified,  it  will  fly  back  to  the  seal- 
ing wax  again.  Or  if  an  excited  glass 
tube  be  brought  near  the  feather,  it 
will  be  attracted. 

Here  the  excited  sealing  wax  first 
attracts  the  feather ;  and  then,  when  the  iSeather  becomes  electrified  in 
the  same  way  as  the  sealing  wax,  it  ia  repelled. 

Exp,  4.  Take  up  a  black  cat,  which  has  been  lying  before  the  fire ;' 
hold  it  by  the  throat  with  one  hand,  and  with  the  other  hand-  rub  it 
smartly  along  the  back :  electricity  will  be  generated ;  the  hair  will  be- 
come so  excited  and  charged  with  the  electrical  fluid  that  a  faint  shock 
may  sometimes  be  felt,  and  a  succession  of  sparks  may  be  seen*  if  the 
experiment  is  peribnned  in  the  dark. 

Exp.  d.  Take  two  strips  of  brown  paper, 
about  9  inches  long  and  2  inches  wide; 
warm  them,  and  hold  them  by  the  finger 
and  thumb  of  the  left  hand;  rub  them 
briskly,  by  insertmg  the  fore  finger  of  the 
right  hand  between  them,  and  then  draw- 
ing it  sharply  from  end  to  end :  the  strips 
of  paper  will  be  powerfully  electrified,  and 
will  diyerge  from  each  other,  as  shown  in 
Fig.  6.  They  repel  each  other  because  they 
are  electrified  in  the  same  way. 

Bring  the  hand  between  them  when  thus  repelled,  and  they  will  both 
be  attracted  by  the  hand. 

Exp,  0.  Lay  the  two  strips  of  brown  paper,  the  one  over  the  oHier* 
on  a  smooth  table ;  rub  them  with  the  hand,  or,  what  is  still  better,  draw 
the  edge  of  an  ivory  rule  or  scale  over  them  for  a  few  times ;  lift  them 
fiom  the  table,  and  then  separate  them  from  each  other :  they  will  attract 
each  other  very  powerfully. 

In  the  last  experiment*  they  repelled  each  other  because  they  were 
electrified  in  the  same  way ;  but  here  they  attract  each  other,  because 
they  are  electrified  in  different  ways.  It  will  be  afterwards  shown  that, 
whilst  the  bottom  piece  of  paper  is  poaUively  electrified,  the  top  piece  is 
negatitely  electrified. 

The  two  foregoing  experiments  may  be  performed  with  silk  ribbons,  or 
with  strips  of  thin  sheet  gutta  percha. 

In  the  place  of  the  hand^  an  old  fur  cuff,  or  a  hare's  skin,  or  Indian 
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rabbcr,  or  a  pece  of  warm  flannel,  or  on  Wory  scale,  may  be  employed 
as  the  rubber. 

Exp,  7,  Take  two  pieces  of  lump  sugar,  and  rub  them  together  m  the 
dark :  they  will  appear  covered  with  a  beautiful  lambent  flame  of  dec- 
tiie  light. 

Exp,  8.  Take  a  piece  of  stout  common  brown  paper  (or  a  sheet  of 
thin  gutta  percha)  about  a  foot  long  and  nine  inches  broad ;  hold  it 
before  the  fire  until  it  is  quite  hot,*  lay  it  upon  the  table,  and  rub  it 
briskly  for  a  few  times  with  the  palm  of  the  hand :  the  paper  >\ill  be- 
come powerfully  electrified. 

(1.)  lift  the  paper  by  one  comer  from  the  table,  and  it  will  be  found 
that  some  force  is  required  to  separate  the  paper  from  the  table. 

(2.)  Hold  the  electrified  paper  as  in  Fig.  6 ;  bring  the  extended 
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fingers  of  the  right  hand  near  to  the  surface  of  the  paper :  it  will  be 
attracted  to  the  hand,  and  electric  sparks,  giving  a  snapping  sound,  iviU 
pass  from  it  to  the  fingers. 

(3.)  Hold  some  feathers,  suspended  by  silk  thread,  near  to  the  excited 
paper,  as  shoi^-n  in  Fig.  7  ;  the  feathers  will  be  powerfully  attracted. 

(4.)  Hold  the  excited  paper,  or  the  excited  sheet  of  gutta  percha,  as 
the  case  may,  be,  over  the  head  of  a  i)ei'son  having  dry  hair,  as  shown  in 
Fig.  8  ;  the  hair  will  be  powerfully  attracted  by  the  paper,  and  each  par- 
ticular hair  will  ajipear'as  if  standing  on  end. 

(6.)  Hold  the*excited  paper  over  the  face ;  a  sensation  like  that  pro- 
duced by  cobwebs  spread  over  the  face  will  immediately  be  felt. 

(6.)  Perform  experiments  1,  2,  and  3  with  the  electrified  paper. 

Exp,  9.  Take  two  pieces  of  stout  brown  paper,  of  the  same  size  as 
that  described  in  Exp.  8 ;  after  heating  them,  lay  the  one  upon  the  other, 

•  Gutta  percha  should  ntvf  r  be  heated. 
18*   . 
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■nd  Tub  the  upper  soifiuse  with  the  palm  of  the  hand ;  tefur  the  two  d^ 
of  paper  from  the  table;  they  will  adhere  firmly  together.  A  crackling 
iound  will  be  heard,  upon  separating  them  from  each  other;  and  upon 
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\f^  bnmght  near  to  each  othar»  they  will  nmtoaUy  attnct  eadi  other* 
tnd  Till  again  adhere  to  each  other.  If  they  are  aeparaited  from  each 
ote  m  the  dark*  an  electric  flash  will  be  distinctly  observed. 

£i^  10.  Hold  the  excited  paper  near  to  the  wall  of  the  room :  the 
mm  vtn  fly  to  the  wall,  and  will  remain  there  some  minutes  without 

£m,U.  To  obinin  a  seriet  of  eieetrie' tparki,  —  Take  a  small  ^tea 
mx  •*  l*"**  '^  *'^**"  *  "^  tumbfcr  glass,  aa  shown  in  Fig.  9 ;  jdaoe 
-  *  Tutta  perchaf  desoibed  in  Exp.  8  or  9» 
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Qpoa  the  tn  tzay ;  bring  tke  louicUe  new?  to  the  tw  tzfty^  and  an  eleo- 
trie  Bptak  will  be  reodyed ;  qviMy  yrithdraw  the  pap«r»  and  agttn  apply 
the  knuckleb  and  another  spark  "wiU  be  received ;  replaee  the  papers  and 
then  apply  the  knuckle,  and  another  spark  will  be  pei6eiY«d;  and  ao  on 
finr  atleaat  a  dozen,  tunes. 
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Ezp,  12.  Take  a  small  splinter  of  wood,  about  9  inches  long ;  fix 
corkato  Ua  estrooiitiea;  suspend  it  from  its  middle  by  a  Silk  thread : 
bring  the  excited  stick  of  sealing  wax,  or  brown  paper,  near  to  one  of 
the  corks :  it  will  be  attracted,  and,  by  moving  the  electrified  body  in  a 
circle,  the  cork,  being  oonataatly  attracted^  will  appear  to  revolve  on  the 
thread  as  an  axis. 

Eip,  13.  Make  a  notch  in  the  mid- 
dle of  the  rod,  described  in  the  last 
cxperimfint,  and  balance  it  oa  the 
edge  of  a  dinner  knife  C,  as  shown  in' 
fig.  10.  (The  bidance  of  the  rod  is 
easily  adjusted  by  pushing  either  the 
one  cork  or  the  other  nearer  to  the 
centre  of  the  splinter.)    Bring  the 

excited  brown  pepei  over  the  eork  A,  and  it  will  be  attracted ;  now 
place  the  excited  brown  paper  over  ihe  cork  B,  and  it  will,  in  its  turn, 
be  attracted,  and  soon ;  thereby  giting  an  oscillating  motion  to  the  rod 
A  B  on  the  edge  C.  This  experiment  exhibits  electrical  attraction  In  a 
striking  manner,  being  conducted  on  a  large  scale. 

Exp,  H.  To  make  two  f»rk»  revohe  by  elecMcal 
attrattUm,  —  Stick  two  sipall  ibrks  A  and  B  into  a 
eork  C,  as  shown  in  Fig.  11 ;  stick  a  sewing  nee- 
dleb  with  its  point  outwards,  into  the  cork ;  poise 
the  whole  on  the  point  of  the  needle  standing  on 
the  top  of  a  wine  glass  O  ;  bring  the  excited  seal- 
ing wax  or  broiKii  paper  near  one  of  the  forks,  and 
make  it  revolve,  as  in  Exp.  12. 

Exp,  15.  Btow  out  a  lighted  candle  having  a 
kof  «nff(  bnng  m  omtiid  sod  €C  Kaling  wn 
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near  to  the  wick,  as  shown  in  Fig.  12 ;  the 
smoke  is  attracted  by  the  sealing  wax,  and 
sparks  of  fire  appear  to  fly  towards  it. 

Eip.  16.  Support  a  warm  pane  of  glass 
upon  two  books,  one  at  each  end;  place 
some  dry  faran«  or  cuttiiigs  of  fine  p^er,  or 
light  pith  or  cork  balls,  beneath  the  glass,  and 
briskly  rob  the  upper  side  with  a  warm  piece 
of  flannel  or  black  alk  :  the  bran  will  dance 
up  and  down  with  great  rapidity.  '^*     • 

This  experiment  was  first  made  by  Newton.  It  was  important  at  the 
time  of  its  discovery,  inasmuch  as  it  showed,  what  was  not  known  be- 
fore^ that  OH  electrical  body  became  eleelri/Ud  <m  ike  eide  eonirary  to 
that  ithifh  woe  excited* 

CONDUCTORS  AND  KON-CONDUCTORS  OF  BLRCTRICITT. 
INSULATION. 

8.  The  metal  tea  tray  of  Exp.  11  was  placed  upon  a  glass 
tumbler,  because  glass  is  a  norKonduetor  of  electricitj ;  and^ 
in  like  manner,  the  feathers  of  Exp.  2  were  suspended  by  silk 
threads,  because  dry  silk  is  a  non-conductor  of  electricity. 
If  the  feathers  had  been  suspended  by  a  metallic  wire,  in  the 
pkce  of  silk,  they  woijld  not  have  diverged  from  each  other 
in  the  manner  described,  for  metals  conduct  the  electric  fluid. 

The  electric  fluid  does  not  diffuse  itself  over  the  surface  of 
a  non-conductor,  but  remains  ccmfined  strictly  to  that  portion 
of  the  surface  which  first  received  it;  thus,  when  one  end  of 
a  stick  of  sealing  wax  is  rubbed,  that  extremity  becomes  highly 
electrlQ^  whilst  the  other  extremity  remains  in  its  natural 
state.  On  the  contrary,  conductors  freely  convey  the  electric 
fluid  from  one  part  of  their  surface  to  another;  and  thus  the 
electric  fluid  instantaneously  diffuses  itself  uniformly  over  tlie 
whole  surface  of  the  conductor,  just  as  water  would  spread 
itself  over  a  level  surface.  ^  All  metallic  bodies  are  excellent 
conductori; ;  and  water,  wood,  &c.,  as  well  as  all  substances  in 
a  damp  state,  readily  conduct  electricity.  The  earth  is  the 
great  reservoir  and  conductor  of  electricity.  When  any  elec- 
trified body  is  suspended  from  or  supported  by  a  non-con- 
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ductor,  the  body  is  said  to  be  insulated.  All  non-conduetors, 
therefore,  are  called  insulators.  Glass  rod.<,  silk  threads, 
sealing  wax,  and  tine  threads  of  sealing  wax,  are  the  insula- 
tors most  commonly  used  in  performing  electrical  experiments. 
All  these  substances  become  conductors  when  they  are  in  a 
damp  state ;  hence  the  necessity  of  having  all  our  insulators 
pedectly  dry  and  warm.  Gum  lac  is  the  best  of  all  insu- 
lators, because  it  does  not  readily  become  covered  with  mois- 
ture. For  conducting  delicate  experiments,  there  is  no  insu- 
lator to  be  compared  with  a  fine  thread  of  sealing  wax  or 
gum  lac 

Bodies  differ  very  much,  as  well  in  their  conducting  as  in 
their  insulating  powers.  Of  all  bodies  metals  are  the  best 
conductors,  and  resinous  bodies  are  the  best  insulators  or  non- 
conductors. The  bodies  in  the  following  list  possess  these 
powers,  in  the  order  in  which  they  are  named* 


CUuaiJlctUion  of  Condudon    ac- 
eordingto  their  conduOmg  power. 

1.  All  the  metals. 

2.  CharcxML 

3.  Plumbago. 
•  4.  Acids. 

6.  Metallic  ores. 

6.  Animal  fluids. 

7.  Water,  and  all  damp  sutsstanoes. 

8.  Ice  above  13^  Fahzenhdt. 

9.  Snow. 

10.  Living  aniroalB  and  vegetables. 

11.  Flame,  smoke,  and  steam. 

12.  Soluble  salts. 

13.  Rarefied  air. 

14.  Vapors  of  ether  and  alcofaoL 

15.  Damp  earth  and  Btooek 

16.  Powdered  glass. 

17.  FIoweiB  of  sulphnr. 


Oau^fioation  of  InsukitorB  decord' 
ing  to  their  imukstitig  power. 

1.  Gum  lac,  gutta  peicha. 

2.  Amber. 

3.  Begins,  sulphnr,  wax,  jet 

4.  Glass,  and  all  vitrifactians, 

5.  Mica. 

6.  Diamond,  transparent  gems. 

7.  Raw  silk,  Ueached  slk,  dyed 

silk. 

8.  Wool«  hair,  feathen. 

9.  Dry  paper. 

10.  Parchment,  leather. 

11.  Atmospheric  atr,  when  dry. 

12.  An  dry  gAes. 

13.  Baked  wood. 

14.  Porcdain  and  dry  marble. 

15.  Camphor,  Indian  rubber. 

16.  Lycopodhim. 

17.  Dry  chalk,  lime,  phosphorua. 

18.  Ice  betow  IS**  Fahrenheit. 

19.  Many  dry,  transparent  crystalfli 

20.  Oils,  dry  oxides  of  metals. 
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Conductiag  substances  were,  sit  one  time,«afled  ft09t»<isf> 
tricM^  and  non-coDductora  were  caUed  tbcirics;  but  the  dis- 
tinction  is  not  founded  on  fad,  becaitfe  condedtng  svbetancesy 
when  insulated,  will  yield  electricity  bj  friction;  and  besides, 
the  cafMicity  of  a  substance  lor  yielding  efectrictty  by  fri<Xion 
does  not  seem  to  depend  upon  the  insulatkig  or  nm-omdact- 
iag  power  of  the  substance. 

The  atmosphere  manifestly  beloi^  to  the  clasi  of  non- 
conductors ;  if  this  had  not  been  the  case,  no  electrified  body 
could  have  retained  its  ^ctricity  for  any  length  «f  iMne. 
When  air  becomes  rarefied,  it  loses  its  insulating  prQ{>erty ; 
thus,  an  electrified  body  soon  loses  its  electricity  when  placed 
in  the  exhausted  receiver  of  an  air  pump.  The  ^eotrie  fluid 
spreads  itaelf  in  a  thin  coating  over  the  anrfaoe  of  die  electri- 
fied body,  and  it  is  prevented  from  escaping  by  the  pressure  or 
tension  of  the  aunounding  air ;  when  this  pressutv  is  reduced, 
beyond  a  certain  degree,  the  electricity  escapes  from  the  sur- 
fiice. 

ELECTROSCOPES. 

4.  Electroscopes  are  instruments  used  for  detec^g  the 
presence  of  electricity  in  bodies ;  such  as  the  suspended  pith 
balls  represented  in  Fig.  3. 

By  means  of  an  dectnsoope  we  can 
readily  ehow  that  there  axe  two  kinds 
of  electricity ;  the  one  being  called  po§' 
itive  electricity,  and  the  other  ne^aiivt 
electricity.  There  are  various  electro- 
scopes, but  the  following  one  is  easily 
made,  and  is  quite  delicate  enough  fcor 
all  ordinary  electrioal  experiments. 

To  make  a  simple  electroeeape.—^ 
Take  a  narrow  strip  of  tin  fcil ;  melt  x| 
the  end  of  a  stick  of  sealing  vrax ;  at- 
tach it  to  one  end  of  the  tin  fbil,  and 
draw  the  wax  out  into  a  fine  thread,  as 
shown  in  Fig.  13,  whoe  T  represents 
the  tin  feO,  and  W  the  sealiag  wax;  place  the  stick  of  sealing  wax  on 
the  mantel  shdf  M,  and  yen  wiU  bare  constructed  a  rety  uaeftd  eleo- 
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fDccesaftilly  perfhinicA 

5.  There  are  two  linds  of  electricity. 

Make  two  simple  dectroseopes  ;  excite  m  stick  of  sealing 
waZy  and  also  a  dry  glass  tube ;  the  electricitj  of  the  sealing 
waXy  which  is  said  to  be  negative^  will  be  different  from  the 
electricity  of  the  glass,  which  is  said  to  heposiHvef  as  may  be 
shown  by  the  following  experiments : — 

JEbop^  \m  TotiCji  uw  dtt^M  of  tin  rou  with  the  excited  glssB  tttbet  ning 
tbem  near  to  each  other,  and  tbey  will  fly  fhim  each  other,  as  shown  m 
No.l|I1g.  14.    Here  the  bodies  xepd  each  other,  hecniBe  they  are  elee- 
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trifled  in  file  same  way;  tliatiBtO6ay,they8re50Min8stateof^ottJAfM 
otpktit  "4^  dectridty. 

Exp*  2.  Poform  the  same  experiment  with  the  excited  aeaHng  wax, 
«nd  file  BtripB  of  tin  finl  wiU  xepd  each  other,  as  shown  in  No.  8,  Tig. 
14.  Here  fiie  bodieB  are  botik  in  a  state  of  negative  or  mt'niM,  — ,  elec- 
tricity. 

JBsip,  8.  Touch  one  of  the  strips  of  tin  ibil  with  the  excited  glass 
ttibe^  and  toooh  &e  other  strip  with  the  excited  stick  of  sealing  wax ; 
bring  the  strips  thus  dectrifled  near  each  other ;  they  will  be  powerfully 
attracted  to  each  other,  as  shown  in  No.  2,  P%.  14,  thereby  profring 
that  the  -eleetiicity  generated  by  the  friction  of  glass  is  ^dnerent  from 
the  dmitiiutygpiifli'sted  by  the  friction  of  sealing  wax. 

These  experiments  may  be  readily  periormed  with  one.  electroscope  in 
the  following  manner:  — 

JS^.  4.  Biinjg  the  exrited  stick  of  sealing  wax  near  the  strip  of  tin 
IbQ  I  It  will  be  flnt  attracted,  and  then  it  will  remain  permanently  re- 
pelled. Any  other  excited  stick  of  seaKng  wax,  or  any  excited  resinous 
substance^  will  repd  the  dectrified  strip.  Now  bring  an  excited  glass 
tube  near  to  the  electrified  fin  finl;  it  wiU  be  instanfiy  attracted. 

ttattk  tiiese  experiments  we  derive  the  Iblknring  kw,  rdttfiTS  to  the 
iWi>  kinds  of  detCilclty  •** 
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I  *e  mat  wzj  repd  ooe  another; 
s  fix&foc  vaji  altnct  ooe  another.  Or 
\m  hwif  sm^  fitatii^  tiiat  like  eleetrici- 


poSiiitj  we  maj  emsilj  ascertain 
wmr  aaatad  body  belongs. 

y^  -^   JB^K  ^«  ""^  ^  ^^^>^^ '^bi^'^er  the  excited  brown  paper 

^j^  IK  <cs  ir  =3.  ia£  T. .  Fi^- IS,;  «i:h  a  ezated  stick  of  sealing 
^1^  ^i£  ^  ai  &  «£I  ^  iMgniidi  fanrtriftrd :  nov  bnng  the  ez- 
>—  ^»tiTir^— ^*»^^*°¥^^  iau;  it  is  icpdled;  therefine 
BSMT  as  the  seeing  wax;  thatis^it 


tfsixisvs:    Taoeh  the  tia  fial  of  the  ciectrosoope 
»3i2c;  tEBs:  the  cBOtod  pspemesrtD  thetinfial; 


a^mir  w —  ihraiy  showis^  that  the  eketzidtj  of  the  ex- 

jg^s^sa&^diKcaBQKksSTcfihecxeiBd^JBi;  that  is»  the  elec- 


m 


with  cxdsad  SDJ^phoE.    It  will 


7     L  T^'^  *  T^  ^»^  ^^^  *  ^'**^  "'^'*  ^" '  ^'^  *^  electricity 


^^    ^  .^^  jK  fcKa*  »  he  aepafiw^  AewbT  Aowing  that  the 
^  ^'^^^-^  ^BT  he  ■i^iliil.i  «r  anyiittij  rfactiified,  anrnnftng  to 


«  y^  .-^  <teBw^i^a  c^  ^e  two  ^xebi  cf  farown  peper  of 


,\j  ^^tt.  ^  hnara  p^Kr*  place  them  on  of^osite 
^ r»  Sm- «^^  _. lit  ■■■■<Krr backwards  and  ftr- 

^^  4— •  ^f  ««  start  rf  pspa* »  «*«  «*^- 

^*^  >    ttwtf  ^  «darffOckcf  sBifiBgwax  and  an  excited  glass 

S^^  *r^   i^rf^ckrtiosoope;  Ae  tin  fcfl  will  fly  backwards 

;— £  j^c  If  3af  w*  ■^^  ^^  ^    ^        ^^    . 

.^^^^,^^«BrtiAa  other.    Ferfbon  the  nme  expeument 

T««r*^   iwsinT  oa  the  smfiw*  of  a  non-conductor 
^  ^^*^J^&pJ-  tkM  is  to  sar,  the  electrified  fluid  does 
.  p^  of  Ac  sOTfi«  to  another  part 


,^^^  ^  ^jy;^  asAce  rf  a  pi««  Cff  waling  wax  with 

^  t-^  —  *      I  jii^j^  (rf  iheixdtt^l  scaling  n ax; 


I  #  ^Cne0«*  «tt  iW  Bhia  of  the  sealing  uax 


^      L 
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fiom  winch  the  ekctnci^hafl  not  been  taken  away,  tl^en  the  tin  ftnl  will 
be  xepelled ;  turn  the  sealmg  wax  nmnd,  then  th^cin  foil  will  no  longer 
be  repelled.  Here  it  will  be  seen  that  the  electricity  does  not  flpread 
itself  from  one  side  of  the  sealing  wax  to  the  other  side. 

7.  The  eleetridty  of  the  rubber  i^  different  firom  the  elec- 
tricitj  of  the  body  which  is  rubbed. 

JS9.  1.  Lay  a  pieoe  of  dry  silk  upon  the  taUe,  and  nih  it  with  a  stick 
of  sealing  wax;  lift  up  the  excited  silk  by  one  comer,  and  touch  the 
tin  foil  of  the  dectroscope  with  it,  then  the  tin  foU  will  be  charged  with 
positiTe  electricity ;  bring  the  excited  scaling  wax  near  to  the  tin  foil, 
and  it  will  be  powerfbUy  attracted,  thereby  showing  that  while  the  3eal- 
Bg  wax  ia  in  a  negative  state  of  electricity,  the  silk  is  in  a  potitive  state. 

JSqp.  2.  Tie  a  piece  of  silk  or  flannel  to  the  end  of  a^stiok  of  sealing 
wax ;  rob  a  warm  plate  of  glass  with  the  insulated  silk,  taking  care  to 
hold  the  rubber  by  the  in/iwlating  handle ;  test  the  electricity  of  the  rub- 
ber and  the  excited  glass  by  means  of  the  electroscope,  and  it  wiU  be 
foioiid  that  the  silk  rubber  is  negative,  while  the  glass  is  positiTe. 

Egp,  3.  Rub  a  sheet  of  brown  paper  in  the  same'  manner.  In  this 
ease  the  aiik  rubber  will  be  positive,  and  the  sheet  of  paper  negative. 

THSORIES  OF  SLEOTBICFIT. 

8.  These  experiments  led  some  plulosophers  to  consider 
that  there  was  only  one  electric  fluid,  and  that  it  existed  in 
the  glass,  which  was  rubbed,  in  excess,  or  in  a  plus  state, 
while  it  existed  in  the  rubber  in  deficiency,  or  in  a  minus 
state.  According  to  this  theory,  the  friction  deprives  the 
rubber  of  a  portion  of  its  natural  electricity,  and  transmits  it 
to  the  glass,  whidi  thereby  receives  more  than  its  natural 
share.  This  explains  the  use  of  the  terms  positive  and  nega- 
tive electricity.  However,  as  we  shall  irfterwards  show,  it 
seems  to  be  more  simple  for  us  to  regard  electricity  as  con- 
sisting of  two  fluids,  which  mutually  attract  each  other,  but, 
at  the  same  time,  each  fluid  is  self-repellent — that  is  to  say^ 
Its  own  particles  repel  one  another.  The  kind  of  fluid  ex> 
cited  from  glass  and  analogous  bodies  is  called  vitreous  ;  ancft 
that  from  sealing  wax  and  the  like,  resinous  electricity.  ThA 
vitreous  answers  to  the  positive,  and  the  resinous  to  the  nega-f 
five.    This  theory  fufly  aoeounts  for  the  eleotrioal  attractions 
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and  repnbioiis;  for  when  the  electric  flaids  in  two  hoffies  are 
imlike,  the  bodies 'attract  each  other,  by  virtue  of  the  mnttial 
attradioD  of  the  two  flaids ;  and,  on  the  contrary,  when  the 
decHic  fluids  in  the  two  bodies  are  like,  the  bodies  repel  each 
other,  bj  Tirtae  of  the  repellent  property  of  the  particles  of 
the  sane  flaid.  When  equal  portions  of  the  two  fluids  unite, 
tkej  aeatialiae  eadi  other,  and  the  electridtj  is  then  in  a  neu- 
tial  or  qaiescent  state,  which  is  the  nsaal  state  in  which  elec- 
UiciiT  exists  in  bodies.  Friction  disturbs  the  equilibrium  of 
^  raw  flttidss  br  separating  the  one  from  the  other :  the  pos- 
iiu^  f  jxi  attaches  itself  to  the  glass,  while  the  negative  fluid 
4ttac^«k^  iftsv^  10  the  robber.  The  two  floids,  in  the  natorai 
«aa»r  iit*^  Wfaffi> » it  were  hold  eadi  other  in  a  state  of  mac- 
t»Mk.  a»i  ifMCricirr  is  then  said  to  be  latent  or  hidden. 

Ito  §ixvix  FriTD  Thsort  was  adopted  by  Franklin, 
aa«i  J»*<r  luoa  bf  »ais4  of  the  English  electrioans,  until  very 
r^xvw^^  %^ieia  rms  XkEoar  or  Two  Flcids,  as  above  ez- 
7u».ii«.'^  ^1x4  hdil  Keea  generally  adopted  on  the  continent, 
KviwM'  aM«v  infahrafigTt  us.  It  most,  however,  be  re- 
•sivw^xysi  )W  ^  gneat  use  of  theotj  in  this  subject,  is  to 
^ry<^^  ^tk»l  <ia$$Siy  the  vast  aecnmolatioQ  of  facts  which  have 

cvxT^rvnox  jlxd  ian>rcno9. 

^  WVfoi  I V  frVv*tiv  ^aiJ  is  traosmitted  from  one  body  to 

;f^\>^Nr  iV^^^fh  iho  afeeiii;.£Hi  of  aa  iasalated  condnetM',  it  is 

;fi;j^a  1^  V  wavrvi^l  bv  tmtdmetipm;  hot  when  electricity  is 

^•^i»oc^,,Cx>JI  tt>wa  «n^  KiIt  k>  another  at  some  distance  from 

%     lil  «^\>«M  v<W(^i:^2<r  *  ${«aii.  it  is  said  to  be  by  imdudion. 

y^'^'m^-mn.  ^\ffiirt  a  ma^wa  B  C  or  any  thick  metal  wire,  iqwn 
%  X.  A  .X  ^>is^  '^  >»«!  $:  thff  <«ii  «Ki^  be  dooe  by  mdtiii^  the  wax, 
« -^N  »\  \i  tV  «y<^m  «>  JV  a^  i^N^m  ia  11$.  19;  pege  214.    Hie e^oaa 

^X  '  tU\(  tV  w^aJMcIv*  I(  0  >t  ^  iamltttii^  86dL  S;  bring  the 

s\\HV^(vx  O  iww  «w^  the  tia  M  T«if  A»  dectrasccpe;  tfam  tamek  the 

^* Vtif^>» »\t»faMi^  WwMea  <a!ciNd  ttieh  of  seidiiigwn;  thetinfta 

^  K  ««aNM«*  4afei|  llaa  (iqHM.   five  tiit  mB^BCandndBor 
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wtrejs  tiw ihefricSfyfinm  tlw  aealing  trax  A  to  ^0  tto  foil  T.  tliU 
Uba  eMMipla  of  <«iuAit<iM ;  B  C  nurf  be  any  conducting  mibstincew 

If  the  intervening  substance  B  C  were  glass,  or  any  other  non-eon- 
ductor,  the  tin  foil  would  not  be  affected  by  the  contact  of  A  with  the 
eztiemity  B. 

(2.)  Bring  the  extremity  C  of  the  conductor  at  the  distance  of  about 
iMdtf  an  inch  ftom  the  tin  foil ;  hold  the  excited  stick  of  scaling  wax  A 
at  about  the  same  distanoe  from  the  extremity  B ;  then  T  will  be  elec- 
trified negatively,  which  can  readily  be  tested  in  the  usual  way.  llits 
is  an  example  of  eleetrioal  indncUon.  Take  A  away,  and  all  sigpns  of 
dectridty  will  have  disappeared  from  the  conductor  B  C.  Here  the 
electricity  is  conveyed  mr  transmitted  from  the  electrified  body  to  the  tin 
ftil  thxoogh  the  air,  and  not  by  the  contact  of  the  conductor  with  the 
deetrified  body.  Eleetrieal  induction,  then,  takes  place,  when  electricity 
is  defvleped  by  one  body  in  another  at  some  distance  from  it.  Ths 
phenomena  here  exhibited  may  be  explained  as  follows :  — 

The  negative  deotrieity  on  A  repels  the  negative  electricity  in  the 
eoaductor  B  C|  and  attracts  its  positive  electricity ;  the  consequence  is, 
^le  equilflsrtum  of  tlie  two  fluids  in  the  conductor  is  destroyed,  the  ncg* 
ative  fluid  flies  towards  the  extremity  C,  and  the  positive  fluid  is  at- 
tiaeted  towards  the  extremity  B.  Hence  the  tm  foil  is  first  attracted 
towards  C,  and  then  repelled  from  it.  And,  upon  withdrawing  the 
conductor,  the  tin  ftnl  will  remain  electrified  negatively.  Tb  prove 
this,  bring  an  excited  stick  of  seaUng  wax  towards  the  tin  foQ  T,  and  It 
win  be  repelled. 

(3.)  Perform  the  same  experiment  with  an  excited  glatt  tube  A.  In 
this  case  the  extremity  C  will  be  poaitive,  and  the  tin  foil  wiU  be 
charged  wini  positive  ufictricitya 

(4.)  Bepeat  Exp.  2,  and  before  takhig  the  deetrified  scaling  wax  A 
wtfKf.ftnt  tooeh  O,  and  <ften  tdce  A  away ;  the  conductor  will  remain 
|M3aitivdy  declttifled,  which  wiH  be  shown  by  its  now  attracting  T.  If 
we  touch  the  extresnity  B,  tte  oonductor  will  remain  deetrified  nega- 
tively. 

These  effects  may  be  readily  explained.  When  we  touch  the  ex- 
tremity C,  WB  take  away  the  fe«e  n^attve  deetridty,  and  then  when  A 
is  taken  away  an  excen  of  positive  dectridty  remains  in  the  conductor. 
In  like  manner  whto  we  touch  the  extremity  B  we  take  away  the  free 
positive  deotridty,  end  than  when  A  is  taken  away  the  oonductor  B  C 
remains  charged  with  negative  dectricity.  The  truth  of  these  results 
may  be  readily  verified  in  the  usual  way.  Observe  that  the  tin  fdl  T 
will  dways  remain  charged  with  the  dectricity  of  the  extremity  C  of 
the  conductor. 

Electricd  attractians  are  reiKBly  exdained  upon  the  nrindnlp  of 
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;  I7  the  actkm  of  mdoetkn,  tlie  bodj  whidi  is  stCnKA^ 
state  off  doetncitj  from  tbet  off  the  body  chnged  irith  the 
deetndCj. 

Taie*9  simple  GuUa  Pereha  JSbdrophorut. 
10.  The  fcUotwmg  ep|w«tm  dqiends  upon  the  principle  of  isdno* 


Take  a  toy  tin  plate,  oostbg  one  penny ;  heat 
the  bottom  of  the  plate  ova  the  flame  of  a  candle^ 
and  fix  a  stick  of  sealing  wax  A,  as  shown  in  Fig. 
15,  to  its  upper  surface;  lay  a  sheet  of  gutta 
pereha  (or  a  sheet  of  warm  brown  paper,  as  the  case 
may  be)  upon  a  smooth  table,  and  ezdte  the  sheet 
in  the  usual  way ;  place  the  tin  plate  upon  the  sur-  JF^.  16, 

ftuce  of  the  gutta  pereha,  and,  after  touching  the 
plate  with  the  finger,  lift  it  off  the  gutta  pereha  by  means  of  the  insu- 
lating handle ;  apply  the  knuckle  to  the  tin  plate,  and  a  spark  of  posi« 
tiye  electricity  will  be  receiyed.    Tlus  may  be  repeated  for  about  a  hun- 
dred times,  without  any  sensible  diminution  in  the  size  of  the  spark. 

Here  the  friction  of  the  gutta  pereha  generates  negative  electricity; 
and  therefore,  when  we  touch  the  platc^  we  take  away  a  certain  portion 
of  negatiTe  electricity  fixnn  it,  and  consequently,  when  the  plate  is  raised, 
it  must  contain  an  excess  of  positive  electricity. 

In  order  to  give  a  continuous  charge  to  a  conductor,  place  the  insu- 
lated tea  tray,  represented  in  Fig.  0,  directly  above  the  edge  of  the 
plate  A  of  the  electrophorus,  so  that  when  the  plate  is  lifted  off  the 
sheet  of  gutta  pereha,  it  shall  strike  against  the  edge  of  the  tea  tray. 
In  this  way  a  rapid  succession  of  sparks  will  be  transmitted  to  the  tea 
tray,  which  will  consequently  become  powerfully  charged  with  positive 
electricity.  An  electrical  jar,  having  its  knob  placed  near  to  the  edge 
of  the  tea  tray,  will  be  soon  charged  with  positive  electricity. 

11.  By  means  of  this  electrophoruB,  the  following  demonstrative  ex- 
periments may  be  readily  perfonned :  — 

To  ihow  thiU  pointed  oondudon  draw  off  oleetrieUy  from  an  tkotrj^ 
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body :  Place  a  eomnion  toasting  fork  upon  a  dry  wine  glass,  as  shown 
in  Fig.  16 ;  bring  the  electrified  plate  of  the  elcctrophorus  near  to  the 
points  of  the  fork,  then  a  spark  may  be  taken  from  its  opposite  extremity. 
To  exhibit  electrical  induction  and  conduction :  Place  a  poker  upon  a 
dry  wine  glass,  as  shown  in  Fig.  17  ;  touch  one  extremity  of  the  poker 
with  the  electrified  plate  of  the  electrophorus,  and  a  spark  may  be  re- 
cdved  frcm  the  opposite  extremity,  thereby  showing  that  the  iron  is  a 
conductor  of  electricity. 

Fiff.  17. 

To  show  the  induction  of  electricity  in  this  case,  faring  the  eleetrified 
plate  of  the  electrophorus  near  to  one  extremity  D  of  the  poker,  but  not 
so  near  as  to  transmit  a  spark ;  then  a  spark  of  positive  electricity  may 
be  received  from  the  opposite  extremity  C. 

The  tin-foil  needle  electroacope.  —  In  order  to  render  the  law  of  induc- 
tion more  apparent,  construct  an  electroscope  API.  (See  Fig.  17.) 
Take  a  strip  of  card  paper  A  P  B  about  six  inches  long,  and  half  an 
inch  wide ;  attach  narrow  strips  of  tin  foil  to  the  extremities  of  the  card 
paper,  by  means  of  insulating  knobs  of  sealing  wax,  and  balance  the 
card  paper,  on  a  small  indentation  made  at  its  centre,  on  the  point  P  of 
a  pin  passed  through  a  cork  and  placed  on  the  top  of  a  wine  glass  J. 
With  the  view  of  adjusting  the  balance,  two  small  rings  of  Indian  rub- 
ber are  placed  on  the  card,  one  on  each  side.  This  will  form  a  delicate 
electroscope,  which  may  be  used  in  conducting  some  interesting  experi- 
ments hereafter  to  be  described. 

Bring  the  strip  of  tin  foU,  of  this  electroscope,  near  to  the  one  extrem- 
ity of  the  poker,  (see  Fig.  17,)  and  then  bring  the  insulated  plate  of 
the  electroscope  near  to  the  other  extremity,  and  the  needle  will  be  de- 
fleeted,  the  tin  foil  being  electrified  with  positive  electricity  :  touch  the 
extremity  C  with  the  finger,  then  take  away  the  plate  of  the  elcctropho- 
rus, and  the  needle  of  the  electroscope  will  return  to  its  first  position ; 
for  the  poker  will  be  Irft  in  a  negative  state  of  electricity,  while  the  tin 
foil  of  the  electroscope  will  be  in  a  positive  state ;  and  so  on  to  other 
experiments  of  this  khid,  iHustrating  the  great  law  of  electrical  inductjonu 
19* 
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T0  ^hAU  tk^  dtmdng  fta&.  —  Put  a  few  smaU  pith  balls  inte  tha 
plate  A,  (see  fig.  19  ;)  bring  the  electrified  plate  B  over  them,  as  shown 
in  the  figure,  and  they  will  appear  to  jump  up  and  down. 

The  eUctric  bett. —  Place  a  damp  wine 
glass  C  (as  shown  in  Fig.  20)  near  to  the 
insulated  plate  A ;  suspend  a  email  brass 
ball  or  button  I>  firom  a  dry  silk  thread 
between  the  glass  and  the  plate;  elec- 
trify time  after  time  the  plate  A  vby 
means  of  the  electrophorus;  and  the  ball 
D  will  oscillate  between  the  plate  and 
the  glass,  thereby  producing  a  tinkling 
sound. 

The  electrical  pendukan,  —  This  instrument  is  repitscnted  in  Kg.  21. 
A  and  B  are  two  insulated  plates ;  the  one  is  charged  with  positive,  and 
the  other  with  negative  electricity ;  £  F  is  a  strip  of  card  paper,  having 


P^.  21. 

a  pin  P  passed  through  it,  and  a  piece  of  pith  E  attached  to  its  upper 
extremitybymeansof  an  insuhiting  knob  of  sealing  wax;  thepinPof 
the  pendulum  E  F  is  supported  on  the  edges  of  two  wine  glasses,  which 
are  not  shown  in  the  cut  The  apparatus  is  adjusted  so  as  to  allow  the 
in<mlated  pith  E  to  osciUate  between  the  edges  of  the  plates  A  and  B. 
With  the  view  of  cauang  the  lower  extremity  F  to  preponderate,  a  smaU 
sliding  ring  of  Indian  rubber  U  phiced  on  the  portion  P  E  of  the  pen- 
dultun. 

The  eleetrieal  hammer,  —  This 
nmple  piece  of  apparatus  is  rep- 
resented in  Fig.  22.  Here  the 
pendulum  E  F  of  the  apparatus 
just  described  is  supported  in  a 
horizontal  position  in  the  man- 
ner already  described;  the  pith 
knob  E,  in  this  case,  oscillates 
between  the  electrified  pUte  A  and  a  conductor  D- 


^ 


^ 
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TMn  tltetrieaX  revolver.  —  This  simple  and  intcrcsling  pic30  of  appa- 
ratus is  represented  in  Fig.  23.  F  and  £  arc  two  insulated  plates  charged 
with  different  kinds  of  electric.ty,  (sec  p.  222 ;)  A  B  J  is  the  tin  foil 
electroscope,  described  at  page  221,  placed  between  the  electrified  plates 


Fiff.  23. 

£  and  F,  bo  that  the  lower  extremities  of  the  strips  of  tin  foil  may  nearly 
touch  the  plates  E  and  F.  When  the  plates  are  electrified,  the  dectrical 
needle  A  B  rapidly  revolves  upon  its  centre  P ;  the  plates  charge  the 
insulated  strips  of  tin  foil  as  they  pass  them,  so  that  the  plates  attract 
the  strips  of  tin  foil  when  they  are  on  one  side,  and  repel  them  when 
they  are  on  the  other  side.  The  charge  of  the  plates  must  be  from  time  to 
time  renewed.  The  action  of  the  instrument  is  iiqproved  by  placing  a 
•conducting  knob  Q  midway  between  the  two  plates  £  and  F,  so  as  to 
discharge  the  electricity  of  the  strips,  as  they  pass  the  conducting  knob. 
All  the  qiparatus  we  have  hitherto  described  may  be  easily  construct- 
ed«  at  a  very  small  cost,  by  any  person  of  ordinary  skill  and  x^aticnce. 

ELECTRICAL   MACHINES. 

12.  Electrical  macliincs  are  used  for  generating  electricity 
by  friction  on  a  large  scale.  They  consist  of  three  leading 
parts.  The  rubber  is  a  soft  hair  cushiony  covered  wilh  leather 
or  with  some  substance  which  readily  generates  electricity  by 
friction.  Tbe  body  on  which  the  rubber  acts  is  either  a  glass 
cylinder  or  ii  circular  glass  plate,  which  turns  upon  an  axis. 
Tlie  receiver  of  th» electricity  is  called  the  prime  conductor; 
it  is  a  thin  brass  cylind^T,  or  a  brass  roil,  mounted  on  a  jilass 
pillar,  or  some  insuhitinp:  materijil.  The  action  of  nn  electri- 
cal machine  is  simply  this :  the  glass  cylinder,  or  the  glass 
plate,  as  the  ca5e  may  be,  upon  being  turned,  vubs  ngainst  the 
or  '  'xcreby  generates  electricity  upon  the  surfacis 
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Fig.  24. 


of  the  glass,  wMch  is  continuallj  carried  round  to  the  prime 

conductor. 

•  

Tke  common  Oylindrical  Machine. 

13.  Fig.  24  represents  an  electri- 
cal machine  of  this  kind.  The  glass 
cylinder  A  B,  which  xests  on  an 
axis  passing  through  C»  is  made  to 
rerolye  by  means  of  the  wheels  C 
and  D  connected  by  a  band,  the 
wh^  D  being  turned  by  means  of 
the  handle  R ;  the  cushion  H,  which 
mbs  against  the  cylinder,  is  mount- 
ed on  a  glass  pillar  I,  which  slides 
in  a  groove  at  the  foot,  for  the  pur 
pose  of  adjusting  the  pressure  upon  the  cylinder;  the  chain  K  L  con- 
nects the  cushion  with  the  ground ;  a  flisp  B  of  varnished  silk  passes 
from  the  cushion  over  the  cylinder,  for  ijjxe  purpose  of  preventing  the 
escape  of  the  electricity  into  the  air ;  the  prime  conductor  M  N,  mount- 
ed on  the  glass  pillar  O  P,  has  a  row  of  points  prelecting  from  the  ex- 
tremity M,  and  coming  nearly  in  contact  with  the  surface  of  the  glass 
cylinder.  As  glass  is  liable  to  collect  moistmn  on  its  surface,  it  is  usual 
to  cover  all  the  insulating  pillars,  as  well  as  all  those  parts  of  the  cylin- 
der which  do  not  touch  the'  cushion,  with  a  coating  of  yamish,  which 
has  a  higher  insulating  property  than  glass. 

Fig.  2d  shows  the  construction  of  the  cushion ;  where  H  H 

is  the  rubber,  with  an  adjusting  spring  fixed  behind  it,  for 
keeping  it  continually  pressed  against  the  cylinder ;  K  the 
brass  knob,  or  ball,  for  attaching  the  chain. 

Fig.  26  shows  the  form  of  the  row  of  points  attached  to 
the  prime  conductor. 

When  the  cylinder  is  turned  round  by  the  handle  R,  pos- 
itive electricity  is  generated  on  the  surface  of  the  cylinder, 
and  negative  electricity  on  the  cushion.  The  latter  is  car- 
ried off  by  the  chain  to  the  ground.  The  positive  electri- 
city is  carried  round  to  the  points  of  the  prime  conductor, 
where  it  acts  by  induction  on  the  natural  dectridty  in  the 
conductor  —  that  is,  by  attracting  the  negative  fluid,  and 
repeUing  the  positive.  The  negative  fluid,  escaping  by  the 
points,  unites  with  the  positive  fluid  on  the  cylinder,  and 
thereby  restores  the  surfoce  of  the  cylinder  to  its  nattural 
state,  so  that  when  it  arrives  again  at  the  rubber  it  is  pre- 
pared for  another  charge  of  positive  fluid ;  at  the  same  time      Fig.  26. 
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tlie  prime  eanduclar  ii  left  chaigedinth  poatiT*  deetddtf.  Aooaid- 
ing  to  this  theory,  the  negative  electricity  of  the  conductor  is  ooq« 
tinually  passing  off  by  the  chain  attached  to  the  cushion,  which,  oon« 
Btantly  keeps  the  conductor  charged  with  poiitiTe  electricity.  By 
detaching  the  chain  from  the  cushion,  and  placing  it  on  the  prime  con- 
ductor, we  are  able  to  charge  the  cushion  with  ncgatiTe  eleetridty. 

With  the  view  of  increasing  the  efficiency  of  tiie  machine,  the  eiisli* 
ion  is  covered  with  an  amalgam  of  cine  and  tin.  According  to  SingCTi 
the  best  composition  of  the  amalgam  is  two  parts  by  weight  of  ainc,  one 
of  tin,  and  six  of  mercury.  The  mercury  is  added  to  the  mixtuM  of 
the  sine  and  tin  when  in  a  fluid  state,  and  the  whole  is  thea  shaken  ia 
a  wooden  box  until  it  is  cold ;  it  is  then  veduoed  to  a  powder,  and  mixed 
with  a  sufficient  quantity  of  lard  to  reduce  it  to  the  consistency  of  paste. 
A  thin  coating  of  this  paste  is  spread  over  the  cushion ;  but  befiore  this 
is  done,  all  the  parts  of  the  machine  should  be  carefully  cleaned  and 
wanned.  Black  spots  and  lines  are  readily  taken  from  the  glass  by  ap* 
plying  a  rag  dipped  in  spirits  of  wme;  and  the  efficiency  of  the  machine 
is  greatly  pramoted  by  applying  with  the  hand  a  piece  of  leather  cor* 
ered  with  amalgam  to  the  cyl^ider. 


The  common  Plate  Machine. 

14.  Fig.  27  represents  a  machine  of  this  ^ 

kind.  A  B  is  a  circular  plate  of  glass, 
turning  on  a  horizontal  axis  C  by  means  of 
the  winch  or  handle  D ;  the  plate  is  em- 
braced at  £  by  two  cushions,  the  presnirs 
of  which  is  adjusted  by  screws ;  two  simi- 
lar cushions  are  placed  at  W ;  flaps,  pro- 
ceeding fh>m  the  cushions,  cover  the  glass 
at  the  spaces  shown  in  the  figure  to  about 
half  an  inch  from  the  points  on  each  side 
of  the  conductor ;  the  conductor  P  O  M  F 
is  a  small  brass  tube,  or  cylinder,  bent  so  as 
to  suit  the  plate,  and  supported  by  a  glMS  rod  F'  M  attached  to  the 
upright  frame  £ ;  P  Q,  running  parallel  to  the  8ur£M»  of  the  plate^  is 
that  part  of  the  conductor  which  carries  the  points,  and  a  similar  bent 
branch  with  points  is  formed  at  F.  When  the  handle  D  is  turned  in 
the  direction  of  the  arrow,  the  cushions  at  the  top,  as  wdl  as  those  at  the 
bottom,  generate  electricity ;  the  points  at  F  receive  the  electricity  gen- 
erated by  the  cushion  £,  whilst  those  at  P  0  receive  the  dectridty  gen- 
erated by  £'.  In  order  to  prevent  the  escape  of  deotricity,  all  the 
extremities  of  the  conductor  are  terminated  in  brass  ballfl  or  globes*  The 
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prindple  on  wbich  tins  machine  acts  la  predaely  the  same  as  that  of  the 
common  cylindrical  machine.  This  machine  is  more  powerful  than  the 
cylindrical  one ;  but  the  difficulty  of  insulating  the  rubbers,  so  as  to 
ohftain  the  negative  fluid,  is  certainly  an  objection  to  it. 

The  Haerlem  pitUe  machine,  repre- 
sented in  Fig.  28,  fully  remedies  this 
deficiency  in  the  common  plate  ma- 
chine. The  glass  plate  is  fixed  to  the 
axis  D ;  the  two  cushions  are  insulated 
on  glass  pillars  £  and  F ;  C  B  C  is  the 
bent  arm  of  the  prime  conductor,  armed 
with  points,  and  insulated  on  the  glass 
pillar  G ;  in  order  to  connect  the  cush- 
ions with  the  ground,  there  is  a  bent 
or  semicircular  conductor,  similar  to 
G  B  C,  proceeding  from  the  axis  at 
D,  and  reaching  to  the  balls  of  the  two 
cushions. 

When  it  is  required  to  charge  the 
conductor  B  with  negative  electricity, 
the  semicircular  rod  C  B  C  is  moved  into  a  horizontal  position,  thereby 
bringing  the  points  opposite  to  the  two  cushions ;  at  the  same  time  the 
other  semicircular  rod,  on  the  opposite  side  of  the  plate,  is  moved  round 
into  a  vertical  position,  thereby  bringing  its  points  at  the  top  and  bottom 
parts  of  the  plate. 

Fig.  29  represents  another  form  of  the  plate  machine ;  where  C  is  the 


F»y.  28. 


Fiff,  29. 


228 


KATVBAL   AJCD   EXF£BIMENTAL   PHXLOSOPHT. 


rrime  conductor,  noounted  on  the  glass  piUar  E ;  G  G  the  g]a»  ^^late- 
V  the  AAinch ;  B  R  the  cushions ;  S  6'  ihe  flaps.  &c. ;  E  a  quadrant  eleo-' 
trometer  inserted  in  the  conductcr.  to  determine  the  quantity  of  elec- 
tricity with  which  it  may  be  discharged ;  and  a  a,  6  6  an  apparatus  sus- 
pended from  the  conductor  to  illustrate  the  principle  of  electrical  ottrae- 
tioQ  and  rcpuision. 


APPENDAGES  TO   ELECTRICAL  MACHINES. 

15.  Th9  innUaiinj  stools  represented 
in  Pig.  30,  consists  of  a  board  of  hard, 
well-baked  wood,  supported  on  ghss 
legs  covered  with  varnish.  It  is  useful 
for  insulating  any  body  chaiged  with 
electricity ;  for  instance,  a  person  may 
itand  upon  the  stool  and  become  charged  p;^,  3q^ 

with  electricity,  upon  being  put  in  con- 
nection with  the  prime  conductor  of  the  electrical  machine. 

Discharging  rod,  are  brass  rods  terminating  with  balls,  w  with  points 
fixed  to  gbss  handles.  With  these  rods,  electricity  may  be  taken  from 
a  conductor  without  allowing  the  electrical  charge  to  pass  through  the 
body  of  the  operator.  ^^ 

Fig.  31  represents  a  common  discharger ;  where  A  is  the  claai  handle 
C  £  D  the  brass  rod,  C  and  D  the  KaIU.  ' 


Fig.  31. 


Fig.  82. 


fSg.  32  represents  n  double-handled  jointed  discharger ;  where  A  and 
^  gre  the  ghtss  handks,  E  the  joint,  &c. 
jyUtidenJar  consists  of  a  glass  cylinder,  or  trid^monthed  tottl^.T. 
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(^ee  Hg.  31,)  both  snrfaces  of  which  are  coated  with  tin  foil  tip  to  about 
three  inches  of  the  top.  The  coating  of  tin  foil  on  the  outside  of  the 
bottle  is  called  the  outer  coating ;  the  other,  on  the  inside,  is  called  the 
inner  coating.  Electricity  is  transmitted  to  this  coating  by  means  of  a 
metal  rod  K  a,  terminated  at  the  upper  extremity  by  a  knob  K,  and  at 
the  lower  extremity  by  a  chain  which  comes  into  contact  with  the  inner 
coating  of  the  jar.  The  rod  is  fixed  by  passing  tightly  through  a  wooden 
plug,  which  fits  firmly  into  the  neck  of  the  jar.  Those  portions  of  the 
glass  which  are  not  coated  with  the  tin  foil  are  covered  over  with  a  tluck 
coating  of  wax,  to  prevent  a  reunion  between  the  electricity  of  the  outer 
ooating  and  that  of  the  inner  coating.  When  the  jar  is  to  be  charged,  it 
is  held  in  the  hand  by  the  outer  coating,  and  the  knob  K  is  brought  near 
to  the  conductor  of  ^e  electrical  machine.  While  spark  after  spark  of 
positive  electricity  enteis  the  jar,  the  positive  electricity,  on  the  principle 
of  induction,  is  driven  off  from  the  outer  coating ;  so  that  while  the 
inner  coating  becomes  charged  with  positive  electricity,  the  outer  coating 
becomes  charged  with  negative  electricity  in  a  manner  which  will  be 
hereafter  more  fully  explained.  When  the  jar  is  to  be  discharged,  the 
operator,  holding  the  discharging  rod  by  the  glass  handle  A,  brings  one 
knob  C  in  contact  with  the  outer  coating,  and  then  gradually  brings  the 
other  knob  P  near  to  the  knob  K  of  the  jar ;  the  reunion  of  the  two 
fluids  (the  positive  from  the  inner  coating,  and  the  negative  from  the 
outer  coating)  takes  place  between  the  two  knobs  D  and  K  with  a  bright 
tpark  and  a  snapping  noise. 

Ths  univertal  dUeharge^  represented  in  Fig.  33,  consists  of  a  dry  deal. 


Fig.  33. 

on  which  two  glass  pillan  A  and  B  are  fixed ;  two  braaB  rods  a  b  and 
a  bf  capable  oPtuming,  on  a  ball  and  socket  joint,  in  any  direction,  and 
also  capable  of  sliding  in  the  top  baUs ;  the  knobs  a  a  are  applied  to  a 
wooden  table  /,  which  admits  of  being  raised  or  depressed  by  means  of 
an  adjusting  screw  v ;  a  nanow  strip  of  ivory  is  inlaid  across  the  table ; 
the  knobs  a  a  may  be  screwed  off,  and  replaced  by  points  or  by  foreepa. 
This  piece  of  apparatus  is  much  used  fitt  puang  itnog  charges  of  eleo- 
.tncity  tiiKOugh  any  substancs^ 
20 
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The  guadrani  electrometer,  —  This  instrument  is  naed  for 
indicating  the  quantity  of  electricity  accumulated  in  th< 
prime  conductor  of  the  machine.  It  consists  of  a  vertical 
stem  or  rod,  which  admits  of  hcmg  inserted  in  a  hole  made 
in  the  prime  conductor ;  to  the  side  of  this  stem  is  fixed  a 
graduated  quadrant,  carrying  a  light  needle  or  rod,  termi- 
nated by  a  pith  ball ;  this  light  needle  turns  on  a  pivot  O 
fixed  in  the  centre  of  the  quadrant.  When  the  machine  is 
not  in  action,  the  light  needle  hangs  parallel  to  the  vertical 
stem ;  but  when  the  machine  is  worked,  the  needle  is  repeUed  from  th* 
stem,  and  the  height  to  wliich  it  ascends  indicates  the  amount  of  < 
tzidty  accumulated  in  the  prime  conductor. 


JF^.84. 


16.     A   FEW   EAST   EXPERIMENTS    WITH   THE   ELECTRICAL 
MACHINE. 

Exp.  1.  Work  the  machine ;  bring  your  knuckle  near  to  the  primo 
oonductor ;  a  vivid  and  instantaneous  flash,  accompanied  with  a  snap- 
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ping  noiaflb  PMKs  between  the  candoctor  and  your  hand,  which  produces 
a  slightly  paixifiil  eenaation  :  this  is  the  electric  spark. 

A  spark  will  be  oommuiucated  to  any  conductor.  Hold  a  stick  of 
sealing  wax,  or  any  other  nan-conductor,  to  the  prime  conductor  t  no 
apark  will  be  reeeived. 

Eap,  2.  Fix  the  quadnmt  eleetmiaeter  onythe  prime  oonductor ;  work 
the  machine*  and  observe  to  what  height  the  pith  hall  ia  repelled.  Hold 
the  point  of  a  sewing  needle  near  to  the  oonductor :  the  pith  ball  of  the 
cdoctrosoope  instantly  iUls.  Take  sparks  Itom  the  ooDductor :  the  pith 
baU  falls  at  the  instant  each  spark  is  taken. 

Exp.  3.  Let  a  boy  stand  on  the  insulating  stool,  and  let  him  place  one 
of  his  hands  on  the  prime  conductor ;  work  the  machine ;  take  sparka 
from  his  body :  see  how  he  winces  from  the  smarting  smsation  they 
produce,  especially  when  taken  through  his  clothes !    (See  Fig.  35.) 

Exp,  4.  Charge  a  Leyden  jar  fully,  and  discharge  it  with  the  jointed 
discharging  rod :  see  what  a  vivid  spark  it  gives ! 

Charge  the  Leyden  jar  (with  about  half  a  dozen  sparks ;)  grasp  the 
outer  coating  with  one  hand,  and  touch  the  knob  with  the  other.  The 
electric  fluid,  in  passing  through  your  body,  gives  you  what  is  called  an 
eledric  thock. 

Let  a  few  boys  farm  a  ring  by  taking  hold  of  each  other's  hands ;  let 
the  first  boy  in  the  ring  grasp  the  outer  coating  of  the  charged  jar,  and 
let  the  last  boy  touch  the  knob :  instantaneously  all  the  boys  in  the  ring 
will  receive  a  shock. 


ELECTRICAL   ATTRACTION   AND   REPULSION- 

17.  This  subject  has  been  fully  explained  in  the  prelimi- 
nary portion  of  this  work,  in  relation  to  a  numerous  class  of 
simple  experimental  facts.  But  the  electrical  machine  ena- 
bles us  to  exhibit  the  various  phenomena  of  electrical  attrac- 
tion and  repulsion  in  the  inost  striking  manner. 

Exp,  1.  Repulsion  of  «ketrifitd  MreaA.  —  Take  a  skein  of  linen 
threads,  and,  after  tying  them  together  at  each  end,  suspend  them  from 
the  prime  conductor  of  the  machine.  When  the  handle  of  the  machmc 
is  turned,  the  threads  will  become  dectrified,  and  xvill  repel  each  other, 
so  that  they  win  swell  out  in  the  middle,  forming  a  figure  resembling 
the  meridian  lines  on  a  globe.  ,    •  i.  •    • 

Exp,  2.  Th^  fri9hi0Md  h^  of  hair.  -  Fix  a  doll's  head  of  haur  m 
the  prime  conductor ;  work  the  machine,  and  the  hairs  wiU  appear  to 
■tand  on  end,  trom  their  mutual  rq?ulsion,  presenting  an  exaggerated 
appearance  of  a  person  in  a  BUte  of  fright. 
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Present  q  pointed  rod  to  the  bain,  and  they  wDl  immedistdy  ool- 
lapBc 

A  bunch  of  large,  downy  fettthcrs,  inserted  into  the  bole  of  the  prime 
conductor,  will  pieacnt  a  similar  appearance. 

.  Exp.  3.  The  electrical  dance.  —  In  this  experiment,  a  metal  plate  is 
suspended  by  a  chain  from  the  prime  conductor ;  a  few  inches  below  this 
plate  another  plate  is  placed  in  connection  with  the  earth ;  and  some 
light  figures  axe  placed  upon  the  bottom  plate,  as  shown  in  Fig.  36. 
When  the  machine  is  worked,  the  figures  appear  to  dance,  or  to  jump  up 
and  down,  from  the  one  pLate  to  the  other,  in  a  Tery  grotesque  manner. 


Fig.  36. 


Fig.  37. 


Exp.  4.  The  dancing  baUt.  —  Here  a  number  of  cork  or  pith  balls  are 
placed  upon  a  metal  disk  P  (Fig.  37)  communicating  with  the  ground, 
and  the  whole  of  them  are  covered  with  the  glass  bell  B,  whose  upper 
part  is  open,  and  provided  with  a  collar  of  leather,  through  which  a  rod 
R  D  passes,  carrying  at  its  lower  extremity  a  metal  disk  D.  By  this 
construction,  the  upper  disk  D  can  be  placed  at  any  convenient  distance 
from  the  lower  disk  P.  The  ring  R  of  the  rod  &  put  in  communication 
with  the  prime  conductor,  so  that,  when  the  machine  is  worked,  the  balls 
are  attracted  by  the  plate  D,  and  then  repelled  from  it,  being  charged 
with  positive  electricity ;  now,  whei»they  touch  the  bottom  plate  P,  the 
electricity  is  taken  fixnn  them,  and  they  are  thus  prepared  to  be  again 
attracted  by  the  plate  D,  and  no  on. 

We  may  make  this  experiment  in  a  more  simple  manner  by  using  a 
glass  tumbler,  CFig.  38,)  whose  interior  surface  has  been  electrified  by 
touching  its  different  parts  ^^ith  the  pointed  extremity  of  a  metal  rod 
fixed  in  the  conductor  of  an  electrical  machine  in  action.  The  glass  is 
than  inverted  upon  a  Uble,  over  a  lot  of  pith  balls;  tba  bells  SmmfldiAtdy 
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begin  to  dance,  being  alternately  attracted  and  repelled  by  the  electric 
fluid  on  the  interior  surfiace  of  the  glass,  as  shown  in  Fig.  38. 


Fig,  38. 


Fig.  39. 


Exp,  5,  The  electrical  be^e.  —The  alternate  attraction  and  repulsion 
of  electrified  bodies  is  beautifully  illustrated  in  this  piece  of  apparatus, 
which  is  of  some  importance,  inasmuch  as  it  is  frequently  employed  in 
tropical  countries  to  detect  the  presence  of  an  electrified  cloud.  A  glass 
pillar  supports  two  metal  rods,  A  B  and  C  D,  from  which  four  bells, 
A'  B'  C  D',  are  suspended  by  chains.  A  central  bell  G,  at  the  foot  of 
the  glass  pillar  £  F,  is  placed  on  the  wooden  stand  K ;  a  chain  G  K 
connects  this  bdl  with  the  ground.  From  the  extremities  of  the  rods 
A  B  and  C  D,  foiir  small  brass  balls  H  H  are  suspended  by  silken 
threads.  When  the  machine  is  in  action,  the  cross  rods  are  put  in  con- 
nection with  the  prime  conductor,  and  the  four  beUs  A'  B'  C  D'  become 
charged  with  electricity,  and  consequently  attract  and  repel  the  insulat- 
ed balls  n  II.  When  the  balls  H  H  are  repelled,  they  strike  the  bell 
G,  to  which  they  give  up  the  electricity  they  received  from  the  electri- 
fied bells,  and  this  electricity  is  carried  off  by  the  chain  G  K.  The 
tinkling  noise  thus  produced  will  continue  so  long  as  electricity  is  sup- 
plied to  the  bells  A'  B'  C  D  . 

Ilg.  40  represents  a  simpler  apparatus  of  this 
kind,  where  the  bells  are  hung  from  a  brass  rod  A  B, 
which  may  be  suspended  from  the  prime  conductor. 
In  this  form  of  the  apparatus,  the  central  bell  is 
suspended  by  a  sUken  thread,  and  is  connected  with 
the  ground  by  means  of  the  chain  G  K. 

Exp,  6.  The  electrical  seesaw.  —  This  consists  of 
o  small  strip  of  wood  (see  Fig.  41)  about  a  foot 
long,  covered  with  tin  foil,  and  insulated  on  c  like  a 
balance. 
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A  digbt  preponderance  is  given  to  it  on  the  aide  a,  where  it  xesto  en 
a  metal  ball  m  at  the  top  of  a  braes  wire ;  p 
is  an  insulated  metal  balL  The  ball />  is  con- 
nected with  the  interior  coating  of  an  electii- 
cal  jar,  while  m  is  connected  with  its  exterior 
coating.  When  the  jar  is  charged*  the  see- 
saw  motion  will  immediately  be  produced.  ^*^'      ' 

The  cause  of  this  motion  depends  upon  the 
common  principle  of  decbic  attraction  and  repulsian. 

This  experiment  will  succeed  quite  as  well  by  simply  connecting  the 
ball  p  with  the  prime  conductor  of  the  machine,  and  the  ball  m  with 
the  ground. 

Exp.  7.  The  eleetnfied  tooter. — Here  a  littte  metal  bucket  B,  having 
a  small  hole  in  its  bottom,  is  sus- 
pended  fiK>m  the  prime  conductor  of 
the  electrical  machine.  The  hole  in 
the  bucket  is  so  small  that  the  water 
merely  falls  &om  it  in  drops  when  the 
machine  is  not  in  action ;  but  when 
the  machine  is  worked,  the  water  runs 
from  the  hole  in  a  continuous  stream, 
owing  to  the  repulsion  which  takes 
place  amongst  the  particles  of  the 
electrified  water.  

The  same  eacperiment  may  be  per-  j^-  42. 

formed  by  inserting  a  siphon  D  C, 
having  a  small  bore,  into  the  water,  as  shown  in  Hg.  42. 

A  similar  effect,  would  be  ]^roduced  by  suspending  a  sponge^  sstuiated 
with  water,  from  the  prime  conductor  of  the  machine. 

Ej^,  8.  Electrified  eeaiing  wax.  —  Ignite  the  extremity  of  a  stick  of 
sealing  wax,  and  when  it  is  in  a  full  state  of  fusion,  blow  out  the  flame 
and  bring  the  melted  wax  near  to  the  prime  conductor  of  the  machine ; 
numerous  fine  filaments  of  wax  will  fly  to  the  conductor,  and  will  ad- 
here to  it,  forming  upon  it  a  sort  of  network  like  wool.  This  is  a  simple 
case  of  electrical  attraction.  The  experiment  will  succeed  best  if  a 
small  piece  of  wax  is  attached  to  the  end  of  a  metal  rod. 

Exp.  9.  The  electrical  awing  consists  of  a  light  figure  placed  upon  a 
swing  formed  by  a  silk  thread.  The  light  figure  swings  between  two 
balls,  one  of  which  is  insulated  and  put  in  connection  with  the  prime 
conductor,  the  other  ball  being  put  in  connection  with  the  ground.  The 
principle  of  this  apparatus  is  the  same  as  that  of  the  electrical  seesaw. 

Exp.  10.  The  electrical  etoan. — In  this  experiment  a  light  piece  of 
cork,  or  any  other  light  substance,  cut  in  the  shape  of  a  swan,  is  madft 
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to  fliMit  In  a  bami  of  water  placed  upon  tlie  insulated  stool.  The  water 
18  electrified  by  means  of  a  chain  which  passes  from  it  to  the  prime  con- 
ductor. The  little  floating  swan  will  approach  any  non-electrified  sub- 
stance that  may  be  presented  to  it.' 

In  making  this  experiment,  the  cork  should  be  first 
completely  immersed  in  water,  to  render  it  a  con- 
doeterof  eleotrieity. 

Exp,  11.  The  electrical  tpider.-^Aa  electrical  jar 
L  has  a  bell  b  connected  with  its  earterior  coating. 
When  the  jar  is  charged  with  the  positiye  dectxidty 
of  the  prime  conductor,  any  light  substance,  such  as 
a  lepnsentation  of  a  spider,  suspended  between  the 
knobs  a  and  6,  will  oscillate  between  them. 
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LUMINOUS  EFFECTS  OF  ELECTRICITY. 
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THB  ELECTBIC   SPARK. 

18.  When  the  knuckle,  or  a  brass  ball  at  the  end  of  a  rod, 
is  presented  to  the  conductor  of  a  machine  in  full  action,  a 
spark  is  produced  by 
the  passage  of  the  fluid 
from  the  conductor  to 
the  knuckle.  The 
spark  bfia  a  eigzag 
form,  similar  to  a  flash 
of  forked  lightning.  The  length  and  intensity  of  the  spark 
depend  upon  the  power  of  the  machine.  Sparks  may  be 
taken  from  the  prime  conductor  of  a  very  powerful  machine 
at  the  distance  of  twenty  or  thirty  inches.  When  the  conti- 
nuity of  a  conducting  substance,  such  as  tin  foil,  is  broken  at 
different  parts,  a  spark  will  be  produced  at  every  place  where 
the  course  of  the  conductor  is  broken.  A  great  variety  of 
beautiful  experiments  may  be  made  to  illustrate  this  principle. 
These  experiments  should  be  made  in  the  dark. 

Exp.  1.  Luminous  epanglea.  —  Sew  a  number  of  tin  foil  spangles  on 
idlVribboB,  shout  a  qusrter  of  an  inch  apart ;  hold  the  ribbon  by  one 
extreoiitj^  and  bring  th»  ether  near  to  the  prime  eonductor ;  the  eleo- 
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tridtT,inil8paswgefiam«paiigletoBpangle,  will  form  a  beautilbl  line 

eL.  2.  Theapifvl  <m6*.  — This  consists  of  two  glass  tubes,  about  a 
footing,  one  of  which  is  placed  within  the  other.  The  inner  tube  has 
goaiurles  of  tin  foil  pasted  on  its  outside  surface  in  the  form  of  a  spiraL 
The  two    ends    of    the   tubes   are 

mounted  with  brass  caps.    Hold  the    |F^  lsvy'^..^>.>-v.,v^>Sl  Q 
tube  by  one  of  the  brass  caps;  apply    ^'"'^  ^ 

the  other  cap  to  the  prime' conductor ;  ^^'  *^* 

a  beautiful  spiral  stream  of  electiic 
liirht  will  pa»  from,  one  end  of  the  tube  to  the  other. 

A  spiral  tube,  made  to  revolve  within  an  electrified  hoop  produces  a 
ipiendid  effect. 

Spangles  of  tin  foil  may  be  pasted  on  common  window  glass  so  as  to 
produce  various  luminous  devices,  such  as  geometrical  figures,  or  short 

nwds. 

Exp,  3.  Jgniiion  of  spiriit  of  untie,  —  Let  a  person,  standing  on  the 
iosulating  stool,  (see  Fig.  35,)  lay  one  hand  on  the  prime  conductor,  and 
irith  the  other  hand  let  hun  hold  a  warm  teaspoon  containing  qarits  of 
irine ;  let  some  other  person  present  his  knuckle  to  the  spoon,  and -the 
parage  of  the  spark  will  cause  the  spirits  to  ignite. 

Exp,  4,  Ignition  of  ether  on  water,  —  Pour  some  water  into  a  wine 
glass,  whose  outer  surface  is  perfectly  dry ;  pour  some  ether  on  the  top 
of  the  water,  and  connect  the  water,  by  means  of  a  chain,  with  the 
prime  conductor  of  the  machine.  Turn  the  handle  of  the  machine,  and 
present  your  knuckle,  or  a  metallic  ball,  to  the  surface  of  the  ether,  and 
the  electric  spark  will  ignite  the  ether. 

Ejcp,  6.    The  electriccd  pistol.  —  The  electric  spark  will  readily  cause 
a  mixture  of  hydrogen  and  common  air  to  explode.    The  electrical  pis- 
tol, represented  by  Fig.  46,  is  commonly 
employed  for  this  purpose ;  a  is  a  brass  tube,  h 

or  barrel,  open  at  one  end ;  6  is  a  copper  O  ^ 

-j^ire,  insulated  by  its  being  inserted  in  an    /*^[_     ^  -^j^ 

ivory  tube,  which  passes  through  one  side  of  [    ^  ^ 

^e  barrel,  and  nearly  touches  the  inner  but-   vJ 
^ce  of  the  opposite  side.    Hold  the  mouth  Fig.  46. 

of  the  pistol  over  a  stream  of  hydrogen  gas, 

pioceeding  from  a  pipe ;  after  a  sufficient  quantity  of  gas  has  entered, 
close  the  mouth  of  the  pistol  with  a  cork  c ;  take  a  spark  through  the 
](Qob  6»  and  the  cork  will  be  discharged  with  a  loud  report,  from  the 
explosion  of  the  gas  by  the  passage  of  the  spark  from  the  extremity  of 
^  we  to  the  inner  surface  of  the  barrel.  In  order  to  avoid  any  acci- 
^0^  the  cork  abould  be  attached  to  the  pistol  by  a  loose  string. 


XLECTSXCITT.  237 

Eqi.  6.  Ignition  of  common  gaa,  —  Let  a  person,  standing  on  the 
insulated  stool,  touch  the  prime  conductor  with  one  hand,  and  with  the 
knuckle  of  the  fore  finger  of  the  other  hand  let  him  transmit  a  spark 
to  the  orifice  of  a  gas  pipe  from  which  a  current  of  gas  is  being  dis- 
chaiged,  and  the  gas  will  be  ignited. 

Bring  a  candle  with  a  long  snu£f,  that  has  just  been  extinguished,  near 
to  the  priiae  conductor,  so  that  the  spark  passes  from  the  oonductar» 
through  the  smoke,  to  the  candle ;  it  is  relighted. 

DIFFEBENT  FORMS   OF  THE   ELECTRIC   LIGHT. 

19.  The  intensity  of  the  electric  light  depends,  not  only 
upon  the  density  of  the  accumulated  electricity,  but  also  upon 
the  density  and  nature  of  the  gas  through  which  the  spark 
passes.  Thus  the  spark  is  bright  and  short  when  it  passes 
through  dense  air ;  but  when  it  passes  through  rarefied  air  it 
is  long  and  diffused,  and  of  a  violet  hue.  The  color  of  the 
spark  is  also  much  influenced  by  the  composition  of  the  gas 
through  which  it  is  transmitted,  as  well  as  by  the  nature  and 
form  of  the  conductor.  In  this  way  a  great  variety  of  sur- 
prising and  beautiful  luminous  experiments  may  be  performed. 

Exp*  1.  The  eledrie  light  from  points, — Place  a  pointed  rod  in  the 
prime  conductor  charged 
with  positive  electricity,  and 
the  electric  light  will  inue 
from  the  point  in  the  form 
of  a  brush.  Try  to  take  a 
spark  from  the  conductor,  Fig,  47* 

when  the  pointed  rod  is  at- 
tached to  it.  0 

Hold  the  point  of  the  rod  towards  the  prune  oonduetor,  and  a  star 
will  be  seen  oa  the  point. 

Attach  the  pointed  rod  to  the  insulated  cushion,  charged  in  this  case 
with  nq;ative  electricity,  and  the  electric  light  will  be  seen  in  the  form 
of  a  star. 

Insulate  the  cushion  as  well  as  the  prime  conductor,  and  attach 
pointed  rods  to  each  of  them,  so  that  the  points  may  be  at  the  distance 
of  four  or  five  inches  from  each  other ;  then,  upon  working  the  machine, 
a  brush  will  be  seen  upon  the  point  attached  to  the  prime  conductor, 
while  a  star  will  be  seen  upon  the  other  point,  presenting  the  appearance 
as  if  the  conductor  gave  out  its  electricity,  while  the  cushion  received  it. 
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These  phenomena  were  at  one  time  oonsideted  as  stnmg  argmnenta  in 
favor  of  Franklin's  theory  of  electricity. 

Exp,  2.  Pasaaye  of  the  electric  light  through  rem^/led  atV.  —  Fix  a 
wire,  terminated  by  a  brass  ball,  to  the  plate  P  of  an  air  pnmp ;  attaeh 
.  a  similar  ball  (by  a  sliding  wire  A  B)  to  the  top  of  the 
receiver  E,  so  as  to  bring  the  one  ball  over  the  other,  and 
at  the  distance  of  about  one  inch  apart.    Connect  the 
outer  ball  B  with  the  prime  oonductcr,  and  the  bottom 
plate  P  with  the  insulated  cushion.    Upon  turning  the 
handle  of  the  machine,  a  continuous  stream  of  electric 
light  will  pass  from  the  positive  to  the  negative  balL 
While  no  light  is  exhibited  by  the  positive  bidl,  a  beauti- 
ful luminoufi  atmoKphcre  entirely  sunounds  the  ni^tive 
ball,  giving  the  appearance  of  a  fluid  in  the  act  of  pass- 
ing out  of  the  one  ball  and  entering  iato  the  other.    By 
altering  the  distance  of  the  balls  horn  each  other,  differ-       ^jKa  ^ 
ent  aspects  may  be  given  to  the  electrical  light. 

Exp.  3.  The  electrical  aurora  borealie,  —  Instead  of  the  receiver  R  of 
the  lost  experiment,  let  a  glass  tube,  about  twenty  inches  kmg  and  three 
inches  in  diameter,  be  used ;  and  instead  of  the  two  discharging  balls, 
let  two  points  be  substituted.  When  the  tube  is  exhausted  of  air,  and 
the  machine  is  worked  in  the  dark,  the  whole  length  of  the  tube  will  be 
one  sheet  of  violet  red  Hght ;  if  a  small  portion  of  air  be  admitted,  nu- 
merous flashes  will  issue  fitun  the  points,  and  travene  the  tube;  when  a 
little  more  is  admitted,  these  flashes  will  appear  to  glide  in  a  serpentine 
manner  down  the  interior  of  the  tube.  The  succession  of  lununo«is 
phenomena,  in  &ct,  bean  a  striking  resemblance  to  the  aurora  borealis. 

An  aurora  flasks  sold  by  instrument  maken,  answers  very  well  flv 
exhibiting  these  phenomena. 

Exp,  4.  The  electric  spark  is  blue  when  transmitted  through  nitrogen. 

Exp.  5.  Paesage  of  the  electric  Ught  through  the  Torricellian  vacuum. 
—  Seal  a  short  wire  wi^in  one  end  of  a  glass  tube  about  32  inches  long; 
attach  a  brass  ball  to  toe  external  end  o£  the  wire;  fill  a  dry  tube  with 
mercury,  and  invert  it  in  a  cup  of  mercury ;  a  vacuum  will  be  ftcmed 
in  the  upper  part  of  the  tube;  aonneot  the  ball  with  the  prime  oon- 
ductor ;  turn  Uie  machine^  and  a  cuxtent  of  violet-colored  li|^t  will  pas 
through  the  vacuum. 


MECHANICAL  EFFECTS  OF  ELECTRICAL  POINTS. 

20.  When  the  electric  fluid  discharges  itself  from  a  pointed 
conductor,  a  reaction  or  recoil  is  produced,  which  may  be 
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used  to  gjve  motion  to  certain  delicate  pieces  of  mechanisniy 
in  the  same  way  as  fluids  are  employed  in  the  common  re- 
action machines. 

Exp,  1.  The  dectrieai  vtmd, — Hz  a  pointed  lod  on  the  prime  oon- 
doctor;  work  the  machine;  bring  the  back  of  your  hand  near  to  the 
point,  and  you  will  distinctly  feel  the  electrical  wind  proceeding  fiom 
the  point. 

Bring  the  flame  of  a  candle  near  to  the  point;  the  flame  will  be  ex- 
tinguished by  the  electrical  wind,  chiefly  caused  by  the  repulsion  of  the 
electrified  air  firom  the  point. 

•  Ejp,  2.  The  electrical  fiy  wheel.  —  A  metal  cross 
tnina  ou  a  pivot  which  is  fixed  on  the  prime  conduct- 
or ;  the  points  of  this  cross  are  all  bent  in  the  same 
direction ;  when  the  machine  is  turned,  the  fly  revolves 
In  the  directionB  of  the  anows  shown  in  the  figure;  that 
is,  contrary  to  the  direction  in  which  the  points  are 
bmt. 

The  fly  is  sometimes  mounted  on  an  insulated  stand,  as  shown  in 
Fig.  60. 

Ej^.  3.  The  electrical  orrery, — This  instructive  and  elegant  piece  of 
apparatus  is  zepceaented  by  Fig.  51 ;  where  S  represents  the  sun,  £ 
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the  earth,  and  M  the  moon.  The  earth  and  the  moon  turn  upon  the 
pivot  B,  and  the  sun,  with  the  earth  and  the  moon,  turn  upon  the  pivot 
A,  which  is  placed  in  their  common  centre  of  gravity.  The  point  A  C 
is  fixed  on  the  prime  conductor.  The  points  a  and  G  are  so  placed  that 
aU  the  pieces  revolve  in  the  same  direction ;  that  is,  from  west  to  east. 

Exp.  4.  The  electrical  inclined  plane.  ^"Hen  the  recoil  of  the  elec- 
trical discharg&fiom  the  points  causes  the  fly  to  roll  up  an  inclined  plane 
ibrmed  by  two  wires  A  B  and  C  D,  supported  by  insuhiting  pillazs. 
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the  Jnwtthtrag  buidle»  it  is  charged  'with  poeitiTe  electricity,  because  the 
nev^cbne  thtid  had  beea  taken  away  from  it,  while  the  positive  fluid  in  it 
leaiaiiied  by  the  attraction  of  the  negative  fluid  of  the  cake. 

As  the  cake  will  retain  its  electricity  for  a  very  long  time,  any  num- 
ber of  sparks  may  be  taken  from  it  with  scarcely  any  diminution  of 
intensity. 

Tlie  experiments  given  in  connection  with  Fig.  19,  page  222,  may  be 
explained  on  the  same  principle  as  that  of  the  dectrophoms. 

Totems  Electrophoric  Machines. 

23.  The  intensity  of  the  electricity  transmitted  to  tlie  ccm- 
ductor  by  the  electrophorus,  described  at  page  220,  depends 
upon  th^  following  circumstances :  (1.)  The  size  of  ihe  plate  ; 
(2,)  The  completeness  of  the  contact  of  the  plate ;  (3.)  The 
rapidity  with  which  the  stroke^  are  performed. 

The  following  contrivances  will  give  power  to  the  instru- 
ment, by  facilitating  the  operation,  and  by  lessening  the  time 
required  for  performing  each  stroke. 


DoubU-acHng  JSlectrophorus,  or  an  JSlectropJiorus  capable  of 
producing  both  Kinds  of  Electricity, 

o  C         B         D 

24.  This  simple  contrivance  is 
represented  m  Fig.  66.  L  N  is 
an  open  box ;  L  N  sheet  gutta 
percha  stretched  tight  over  its 
top ;  J  K  the  plate  of  the  elec- 
trophorus ;  £  F  a  strip  of  double 
gutta  percha  attached  to  the  plate 
for  the  purpose  of  lifting  it,  form- 
ing a  loop  at  the  top  for  recciv- 
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ing  an  insulating  rod  D  C,  which  may  be  a  rod  of  glass  or  a  stick  of  seal- 
ing  wax ;  G  C  H  a  bent,  insulated  wire,  terminated  with  knobs  G  and 
H ;  A  an  insulated  conductor  for  receiving  the  negative  electricity ;  B 
another  insulat^  conductor,  for  receiving  the  positive  electricity ;  these 
conductors  are  placed  at  the  distance  of  six  or  right  inches  from  the 
plate  J  K,  and  the  length  of  the  wire  C  H  is  such  as  to  allow  the  knob  H 
to  come  into  contact.with  the  plate  J  K  at  the  same  time  as  the  knob 
(I  comes  into  contact  with  the  conductor  A.  The  machine  is  worked  is 
lUo  following  manner  :  — 
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Itob  tbe  forftce  of  the  gotta  percba  with  a  piece  of  fur  cr  zabfaif » 
flldn ;  place  the  plate  J  K  rtpoa  the  excited  sheet,  taking  care  to  hold  it 
by  the  insulating  handle  C  D ;  depten  the  haadk  C  l>,  until  the  knob 
H  comes  in  contact  with  the  plate  J  K ;  then  a  spaik  of  negatrre  deo- 
tricity  will  be  transmitted  to  the  coBdneter  A;  zaise  the  plate  J  K  by 
means  of  the  insulated  handle  until  it  strikes  the  conductor  B  ;  then  a 
spark  of  positiye  deetricity  will  be  txaimntted  to  the  conductor ;  and 
80  oa  to  an  almost  indefinite  number  of  times.  The  action  of  the  ma- 
chine simply  oonsistB  in  ndsing  and  depressing  the  hand. 

It  will  be  observed  that,  at  each  upward  stroke,  the  knob  O  ia  ndaed 
fiom  the  conductor  A  belDre  the  plate  J  K  is  lifted  off  the  gutta  percha. 

The  oondncton  A  and  B  may  be  used  in  the  same  way  as  the  con- 
ductorn  of  an  esdmary  electrical  machine  —  that  is,  for  charging  jarsi  &c. 

Fig.  67  represents  another  form  of 
this  machine,  which  possesses  some 
advantages  o^rer  that  just  described. 
J  K  represents  the  plate ;  A  and  B 
the  conductors,  idready  described; 
£  F  an  insalating  handle,  of  sealing 
wax^oi  glass  covered  with  sealing 
wax,  eemented  mto  a  metal  tube 
F  D,  which  ils  fixed  to  a  smaller 
tube  a  coming  in  contact,  time  after 
time,  with  the  plate  J  K ;  this  tube  m  works  snoodkly  on  a  brav  rod  e 
fixed  to  the  plate  J  K,  having  a  slop^  or  sbmU  rim,  at  ita  top,  for  the 
purpose  of  stq;iping  the  ascent  of  the  sauA  tube  a;  F  Q  is  a  wire  fixed 
to  the  tube  F  I>,  and  terminated  by  a  knob  6.  By  this  ooBtrivaiice  the 
rod  F  6  admits  of  an  up  and  down  motion  upon  the  pin  0,  at  the  same 
lime  that  the  plate  J  K  admits  of  being  lilted  off  the  gutta  percha.  The 
machine  is  worked  in  the  following  manner :  — 

Hold  the  plate  by  the  handle  E,  and  place  it  upon  the  excited  gntta 
pente  L  N,  (see  Fig.  M ;)  depress  the  handle  S  imtil  the  knob  O  comes 
into  contact  with  the  conductor  A*  and  a  spaik  of  negative  electricity 
will  be  transmitted  to  it ;  raise  the  handle  until  the  knob  Q  comes  into 
contact  with  the  condnctoDr  B,  and  a  iqpariL  of  positive  electricity  will  be 
transmitted  te  it;  and  so  on,  as  before  described. 

Singh'ixctmff^  Mectrophcrus. 

25.  The  plates,  with  their  peculiar  appurtenances,  just  described,  may 
be  employed  with  great  advantage  in  the  place  of  the  simple  insulated 
plate  described  at  page  220.  The  contrivances  connected  with  these 
plates  enable  the  operator  to  perform  each  stroke  more  rapidly^  laaniig* 
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^tteitfB**""'^**  .  r«ttu«rf  ^  ^^  appUcBtbn  of  these  plates  to 
kjs  ■tttoo**'  '^j^Lohofus  tf  ffl»ply  to  ^▼^  •  oaaductar  placed  00 
ibe ccoii»<*.**** f^fdSi^  ^™^  Q  at  the xnoxQeiit  tbe  plate  J K 

jHMUiUed  EUetndli^.     drndemert, 
rfi   If  a  conductor  oonnected  with  the  graund  be  brought 
'     ^„e  extremity  of  aoother  conductor  charged  with 
'jprtricity>  then  the  quantity  of  the  electric  fluid  at  that  ex- 
tremity will  be  considerably  increased.      This  fact  is  just 
what  we  should  have  anticipated  from  the  peculiar  properties 
of  the  electric  fluid. 

Let  A  B  be  an  inBulated  jdate 
(jliaiged  with  electricity,  (say  with  + 
electricity ;)  A'  B'  another  pUte^  con- 
nected with  the  ground  by  means  of 
the  chain  F'  G'.  Connect  A  B  with 
the  prime  conductor  by  means  of  the 
jointed  discharger  G  H  F ;  remove  the 
jointed  discharger :  then  A  B  will  be- 
come charged  with  podtiTe  electricity, 
which  will  hare  the  same  iatensity  as 
that  of  the  prime  conductor ;  bring  the 
plate  A'  B'  near  to  the  charged  plate 
A  B  :  then  the  electricity  on  its  sur- 

&ce  will  be  considerably  increased.  For  whilst  the  positiye  electricity 
of  A  B  repels  the  positive  electricity  of  A'  B',  at  the  same  time  it  at- 
tracts its  negative  electricity;  but  this  negative  fluid,  accumulated  on 
the  plate  A'  B\  in  its  turn  reacts  upon  the  plate  A  B,  by  attracting 
more  of  the  positive  fluid  in  it  towards  the  surfieuse  nearest  to  the  plate 
A'  B' ;  this  increase  of  fluid  on  the  plate  A  B  produces  a  further  action 
upon  the  plate  A'  B',  and  so  on  to  an  indefinite  series  of  actions  and 
reactions.  The  negative  fluid  accumulated  in  A'  B'  is  called  tUsguised 
dectricity,  for  it  cannot  be  detected  by  any  ordinary  means ;  it  is  re- 
tained or  held  there  entirely  by  the  attraction  of  the  positive  fluid  in 
A  B.  The  plate  A'  B'  is  called  the  condensing  platen  and  A  B  the  00^ 
Uding  plate.  An  instrument  constructed  on  this  principle  is  called  the 
condenser. 

This  principle  of  disguised  electricity  may  be  readily  established  by 
experiment. 
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Exp.  1.  Let  the  charged  plate 
A  B  be  connected  by  a  chain  with 
the  insulated  balls  F,  and  the  in- 
sulated plate  A'  B'  with  the  insu- 
lated balls  F'.  First  chaige  the 
plate  A  B,  (say  with  podtire  elec- 
tricity':)  then  the  balls  F  will  di- 
verge ;  bring  the  plate  A'  B'  near 
to  A  B :  then  the  electricity  in 
A'  B'  win  be  decomposed,  and  the 
balls  will  diverge.  Touch  A'  B'  with  the  finger  so  as  to  carry  away  its 
positive  electricity  set  free :  then  the  bells  F*  will  immediately  cease  to 
diverge,  and  the  balls  F  will  have  now  only  a  very  feeble  divergence. 
The  negative  electricity  in  A'  B'  exists  in  a  dUguUed  state.  Withdraw 
A  B  and  A'  B'  from  each  other,  taking  care  not  to  touch  them :  then 
immediately  the  balls  diverge  —  those  at  F  with  positive  electricity,  and 
those  at  F  with  negative.  Bring  the  plates  again  near  to  each  other, 
and  the  divergence  of  the  balls  F'  again  ceases,  and  that  of  F  diminishes. 
The  negative  fluid  of  the  jdate  A^  B'  is  again  disguised,  and  the  positive 
fluid  is  partly  withdrawn  from  the  extremity  F  towards  the  extremity 
A  B  by  the  attraction  of  the  negative  fluid  in  the  plate  A'  B'. 

These  facts  enable  us  to  give  a  satisfactory  explanation  of 
the  principle  of  the  condenser,  of  the  electroscope,  and  of  the 
Lejden  jar. 

Hie  Condenser, 

27.  The  condenser,  the  principle  of  which  has  just  been 
explained,  is  used  to  detect  the  presence  of  electricitj  where 
it  is  so  very  small  as  to  require  it  to  be  collected  and  con-> 
densed  before  it  will  affect  the  electroscope. 

It  consists  of  two  disks  of  metal  b  b  and  c  c,  whose 
touching  surfaces  are  polished  and  covered  over  with 
a  thin  coat  of  varnish  or  some  non-conducting  sub- 
stance; the  upper  plate  is  the  collector,  and  the 
lower  one  the  condenser;  the  condenser  stands  on 
an  insulating  glass  pillar  n,  and  the  collector  has  an 
insulating  lumdle  m  attached  to  it,  by  which  it  may 
be  lifted ;  a  brass  wire  a  b  with  a  knob  a  is  fixed  to 
the  under  side  of  the  condensing  plate,  for  the  purpose  of  oonnectnig  it 
with  the  ground. 

21* 
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TV  i^imtM  ii  thns  used :  Place  the  body  whose  doctnclty  is  to  lie 
fmmiwrd  in  conaection  with  the  ooUector  c  e ;  touch  the  ball  •  with 
tbt  finger,  and  after  having  taken  it  away,  suddenly  raise  the  collector 
by  the  glMS  handle  m,  and  the  electricity  of  the  body  under  examina- 
tion will  haT6  aoenmulsted  itself  in  the  ooUfiCtor,  and  the  opposite  fluid 
will  be  tend  in  the  condenser;  present  the  coUeotor  to  any  delicat9 
ciattiosmcpa  or  deetrooieter,  and  the  aooumulated  electricity  will  be 
rendered  sfpareot.    The  raUonaie  o£  this  process  has  already  been  ck- 


28.    ELECTROSCOPES   AKD   SLEOTBOKBTBRS. 

There  are  a  great  variety  of  dectroecopes.  Por  all  ordinary  purposes, 
the  pith  ball  electroscope,  represented  in  Fig.  3,  or  that  described  at  page 
214,  is  quite  sufficient.  But  in  pursuing  many  electrical  inquiries,  we 
require  instruments  of  more  delicacy,  or  of  more  durability. 

In  order  to  render  electrosoopic  instruments  more  sensitive  and  more 
accurate,  the  two  light  bodies  are  suspended  from  a  metal  rod  and  en- 
closed in  a  glass  bell*  and  the  e^Ltremity  of  the  rod  (which  is  either  a 
knob  or  a  plate)  is  to  be  touched  with  the  electrified  substance.  The 
light  bodiefl^  thus  suspended,  are  either  pith  balls,  as  shown  in  Bg.  61, 
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or  two  gold  leares,  ts  in  Bennef  s  deotrometer,  or  th§  fM  leaf  Aetrom- 
€Ur,  shown  in  Figs.  62  and  68.  In  Fig.  62,  two  knobs  A'  and  B'  aie 
placed  on  each  side  of  the  gM  leaves  //  so  tiiat  vdien  the  leaves  di- 
verge too  strongly,  they  impmge  upon  the  knofaa,  and  are  thus  dis- 
charged  of  their  electricity;  this  contriranoe  prevents  the  leaves  from 
being  torn  by  adhering  to  the  sides  of  the  glass  bell. 

In  order  to  insulate  the  electricity  given  to  the  cap  or  pUtte  K,  the 
Btetid  lod  canring  the  gold  leaves  passes  through  a  glass  tube,  which  is 
cemented  to  a  ferrule  on  the  plate  A  B,  dosing  the  top  of  the  gl— 
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cover.  (See  Fig.  63.)  This  plate  is  acrewed  upon  the  glass  coyer,  so  that 
the  leaves  may  be  placed  -within  the  glass  without  injuring  them.  The 
^  gold  leaves  aie  attached  to  the  lower  extremity  of  the  metal  rod,  simply 
by  the  adhesion  of  gum.  Befine  using  any  electrometer,  it  is  unpottant 
that  all  its  parts  be  perfectly  dry,  and  that  the  sunounding  air  be  wmn 
^d  free  from  moisture. 

To  use  the  gold  leaf  dectrosoqpe :  Bring  an  excited  glass  tube  near  to 
the  cap  K,  M  the  gold  leaves  will  diverge  with  positive  electricity, 
because  the  positive  fluid  of  the  glass  drives  the  positive  fluid  of  the  cap 
into  the  gold  leaves.  Excited  sealing  wax  brought  near  to  the  cap  will 
canse  the  leaves  to  collapse. 

The  following  is  the  best  method  of  using  the  simple  gold  leaf  elec- 
trometer represented  in  Figs.  62  and  63 ;  for  it  causes  the  gold  leaves  to 
be  permanently  divergent*  Electrify  a  stick  of  sealing  wax ;  hold  the 
electrified  wax  very  near  to  the  cap  K,  without  touching  it ;  the  gold 
leaves  will  diverge  from  each  other  on  the  principle  of  induction,  with 
the  same  electricity  as  the  wax,  that  is,  with  negative  electricity;  touch 
the  cap  with  the  finger,  and  the  gold  leaves  instantly  collapse ;  Jirst  re- 
move the  finger,  then  the  electrified  body  and  the  gold  leaves  will 
remain  permanently  divergent,  with  an  electricity  opposite  to  that  of  the 
wax ;  that  is,  with  positive  electricity.  Now  bring  an  electrified  glass 
tube  near  to  the  cap  K,  and  the  divergence  of  the  leaves  will  be  in- 
creased, because  the  glass,  being  positive,  will  drive  more  of  the  positive 
fluid  into  the  gold  leaves.  After  taking  the  glass  ^rod  away,  bring  dec- 
trifled  brown  paper  near  the  cap  of  the  electroscope ;  the  divergence  of 
the  gold  leaves  will  be  decreased,  because  the  brown  paper,  being  na- 
tive, will  drive  the  negative  fluid  into  the  gold  leaves,  thereby  neutral- 
izing the  positive  fluid  at  flrst  in  them. 

It  should  be  observed  that  where  the  charge  of  the  leaves  is  temporary, 
the  electricity  is  the  same  as  the  excited  body ;  but  where  the  charge  is 
permanent^  as  in  the  preceding  case,  the  electricity  is  of  an  opposite  kind. 

Experimenti  with  the  Gold-leaf  Electroscope. 

JBxp.  1.  Strike  the  cap  of  the  dectrosoqpe  with  a  warm  silk  handker- 
diief ;  the  leaves  will  diverge  with  negative  electricity.  Verify  this  by 
bringing  an  excited  stick  of  sealing  wax  near  to  the  cap. 

Eaqf,  2.  Excite  a  silk  ribbon ;  faring  it  near  to  the  cap  of  the  electro- 
fleope ;  the  leaves  instantly  diverge :  excite  a  glass  rod ;  bring  it  also 
near  to  the  cap ;  the  divergence  of  the  leaves  is  diminished,  thereby 
showing  that  the  electricity  of  silk  is  negative. 

&p.  3.  Rub  a  roll  of  brimstone  with  a  piece  of  warm  flannel,  hold 
the  excited  brimstone  near  to  the  cap  of  the  electrosoope^  touch  the  cap 
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^^^^^   The  name  of  elec- 

.    /,  1  jt  v'^i^  to  snch  instraments  as  Cou- 
i....»i  iift^^*  ^  ^^^^  means  of  exactly  com- 
^^  uui^Ji^'-^  i>f  any  two  bodies. 

.r-'m.fr.  -r»»rft«r?.TAi  in  Fig.  65,  is  a  rod 
*****       .  ^  •^•ju,  Jar*-=i  pith  balls  fixed  to 

-^^•^  ^^    ^,f»*-»»^»r.  — For  ordinary  pur- 
*••'    '*'*'    .   :^K^.-^»rft%l  in   Fig.  66  will  be 


'TZ^^    Ji  «^  disk  of  gilt  paper  C         ^9-  6o. 
./  I  nMi-V  <>t'  sr^"Ji  lac  or  scaling  wax ;  the  needle 


^  ^tatht^  '-^  ■  ^^^,  ,,j'  ^u.:ng  wax  H  JJ,  alter  the  manner  de- 
^  ,^,eoacii   ^      ^^  njun."^  xnthin  a  glass  jar  or  bottle,  as  shown  in 

^T«vi  it  l*^*^  '  'lu^-Mri'^  '^  **^^^  ^^  *^®  j^'  "*^  ®^  *  ^^'^^^  '^"^^  ^® 
JJ.  tV-j*;  -^^I^^^  tJ«iu».*Cv\l  with  gilt  balls  A  and  B.  To  use  the 
^-tlj.  *  ^  ****  ^  ti«.'i>  ii..  «"  necessary,  so  as  to  bring  the  disk  C  in 
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Fig.  66. 


contact  with  the  ball  B ;  touch  the  ball  A  with  the  elec-    ^-.—jJ^SL.^ 

trifled  body ;  then  C,  being  electrified  in  the  same  way    C     ^P    ^ 

as  B,  will  be  repelled,  and  the  angle  of  Mormon/ or  twist, 

will  indicate  the  force  of  repulsion,  or,  what  is  the  same 

thing,  the  rdatire  amount  of  electrical  charge  given  to 

A.    It  will  be  obseryed  that  the  force  requisite  to  twist 

a  thread  is  in  proportion  to  the  angle  over  which  the 

needle  is  moved,  so  that  the  angle  of  deflectian  is  a  true 

measure  of  the  electrical  repulsion. 

In  comparing  ihe  intensity  of  two  electrified  suriaces,  it  is  necessaxy 
that  we  should  employ  a  proof  planet  (which  is  a  round  piece  of  gilt 
paper  fixed  to  the  end  of  a  rod  of  sealing  wax  or  shell  lac,)  for  the  pur- 
pose of  transfemng  the  charges  of  electricity  from  the  electrified  surface 
to  the  ball  A  of  the  electrometer.     . 

It  is  obvious  that  the  torsion  electrometer  may  be  used,  like  the  gold 
leaf  electroscope,  for  ascertaining  whether  a  body  is  positively  or  nega- 
tively electrified. 

Fig.  67  represents  the  form  usually  given  to  the 
tecBion  electrometer,  where  the  thread  h  B,  support- 
ing the  needle  h  d;  passes  through  a  tube  mounted 
on  the  glass  jar  A.  The  drcumftrenoe  of  the  jar 
is  divided  into  degrees,  the  zero  point  being  oppo- 
site to  the  ball  to  which  the  electricity  is  trans- 
ferred, so  that  the  angle  through  which  tiie  needle 
is  repelled  may  be  at  once  seen.  The  needle  is 
usually  supported  by  a  fine  thread  of  sQver,  about 
two  feet  long,  fixed  at  the  top  of  the  tub^  to  a 
brass  piece  c,  which  admits  of  being  turned  tightly 
round  the  cap^  which  is  also  of  brass,  and  fixed  to 
the  tube  itself: 


Fig.  67. 


By  means  of  the  torsion  electrometer, 
Coalomb  proved  that  the  law  of  electrical 
attraction  and  repulsion,  as  influenced  by 
distance,  is  the  same  as  the  law  of  gravitation ;  that  is,  in- 
versely as  the  square  of  the  distance.  He  also  determined 
the  law  regulating  the  distribution  of  the  electric  fluid  on  the 
surfaces  of  conductors. 
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THE  LEYDESJAR  AND  ELECTRICAL  BATTERY. 

29     «XPBBllflW^M  WITH  ▲  SIKQLE   LETDEN  JAS. 

dacribed  at  p«ge  228 ;  grasp  the  outride  rf  the  jarinfih  one  baad,  and 
touch  the  knob  ot^JtBr  with  tiie  otherhand,  and  an  dectric  ribock  will 
be  felt.  Care  abould  be  taken  that  the  jar  is  not  too  strongly  charged. 
Gcnoany  speaking,  about  half  a  dozen  good  sparks,  transmitted  to  the 
^ob  of  the  Jar,  will  be  a  sufficient  charge  for  giving  any  penon  a  shodu 

A  ihock  may  be  given  to  any  number  of  persons  at  the  same  time. 
Let  them  fbnn  themsdyes  into  a  ring,  by  taking  hold  of  each  other's 
hands ;  let  the  first  person  grasp  the  outside  coating  of  a  jar  which  has 
been  chaxged,  and  then  let  the  last  person  in  the  ring  touch  the  knob  of 
the  jar ;  the  whole  of  the  persons  forming  the  ring  will  instantancoody 
receiye  the  shock.  The  number  of  the  persons  fixrming  the  zing  does 
not  appear  to  affect  the  intensity  of  the  shock. 

£i^  2.  To  9hou>  the  striking  distance  of  the  spark  at  diseharff*t.-^ 
Touch  the  outside  coating  of  a  charged  jar  with  one  ball  of  the  jointed 
discharging  rod;  gradually  bring  the  other  ball  towards  the  knob  of  the 
jar ;  then,  when  they  have  come  sufficiently  near  to  each  other,  the  elee- 
trie  spark  will  pass  from  one  ball  to  the  other  with  a  snapping  noise. 
The  distance  at  which  the  discharge  takes  place  depends  upon  the  sEae 
of  the  jar  and  the  intensity  of  the  charge. 

£239.  3.  To  ahow  the  manner  in  tohieh  a  Jar  heeomes  barged.  —  Flaoe 
a  common  Leyden  jar  upon  the  insulated  stool,  and  bring  the  knob  within 
striking  distance  of  the  prime  conductor ;  turn  the  machine,  and  it  will 
be  found  that  the  jar  cannot  be  charged  when  its  outside  coating  is  thus 
insulated :  now  bxing  your  knuckle  near  the  outside  coating  of  the  jar ; 
then,  for  every  spark  of  positive  electricity  which  passes  to  the  interior 
coating  of  the  jar,  a  corresponding  spark  of  positive  electricity  will  pass 
from  the  outside  coating  to  the  knuckle.  The  positive  electricity  is 
driven  off  from  the  outside  coating  on  the  principle  of  induction,  while 
the  negative  electricity  is  held  in  a  disguised  condition  on  the  outside 
coating  by  the  attraction  of  the  positive  electricity  accumulated  on  the 
inade  coating.  Hence  it  appears,  that  when  the  inside  coating  is 
charged  positively,  the  outside  coating  is  charged  negatively ;  and  that 
when  the  jar  is  being  discharged,  the  two  opposite  fluids  rush  to  each 
other. 

Exp.  4.  To  charge  the  inside  of  ajar  negatively.  —  Place  the  jar  upon 
the  insulated  stodi;  bring  the  outside  coating  of  the  jar  within  the 
Striking  distance  of  the  spark  of  the  prime  conductor ;  turn  the  machine» 
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and  at  the  same  time,^apply  the  knuckle  to  the  knob  of  the  jar ;  then» 
for  every  spark  of  positive  eLectridty  which  passes  to  the  outside  coating, 
a  corresponding  spark  of  positive  electricity  passes  from  the  inside  coat- 
ing to  the  knuckle,  and  thus  the  jar  will  become  charged  with  n^ative 
electricity. 

Exp»  5.  To  show  the  principle  ofdiegtUeed  electricity  in  relation  to  the 
Leyden  Jar,  —  Let  a  jar  be  placed  on  the  insulating  stool,  and  let  the 
ball  D',  siippOTted  by  a  metal  pillar,  communicate  with  the  outer  coating 
of  the  jar.  Suspend  a  ball  of  cork  F,  by  a  linen  thread,  midway  be- 
tween the  knob  D  of  the  jar  and  the  ball  D',  communicating  with  the 
groimd  by  a  metal  chain  K.  Charge  the  jar  after  the  manner  described 
in  Exp.  3 ;  then  the  ball  will  be 
attracted  to  D,  and,  owing  to  the 
contact,  a  certain  portion  of  posi- 
tive electricity  will  pass  to  the 
ground  through  K,  and  a  certain 
portion  of  positive  electricity  will 
remain  disguised  on  the  inner 
coating ;  F,  beiog  thus  restored  to 
its  natural  state,  will  be  attracted 
to  the  ball  D',  owing  to  the  nega- 
tive electricity  set  free  from  the 
external  surfiEice  of  the  jar :  when 
F  comes  in  contact  with  D',  a 
certain  portion  of  electricity  will, 
in  like  manner,  pass  off  from  the  outer  surface  of  the  jar  through  the 
conductor  K,  and  then  a  certain  portion  of  negative  electricity  will  re- 
main dieguieed  on  the  outer  coating;  F  will  then  be  again  attracted  to 
D ;  and  so  on.  The  ball  F  may  continue  to  oscillate  between  the  two 
knobs  D  and  D'  for  several  hours ;  at  the  end  of  which  time  the  two 
coatings  will  have  lost  their  electricity  by  this  succession  of  small  dis- 
charges. 

The  apperatuB  represented  in  Fig. 
69  18  intended  to  illustrate  the  same 
pindple.  The  insulated  balls  on  F 
me  in  connection  with  the  inner 
coating,  and  those  on  F'  are  in  con- 
nection with  the  outer  coating. 
Charge  the  jar  after  the  manner  de- 
scribed in  Exp.  3 ;  then  the  balls  F 
win  direrge  with  positive  electricity, 
and  the  negative  electricity  will  be  hdd  in  a  disguised  state  on  the  outer 
coating.    Touch  the  knob  B,  and  the  balls  F  will  collapse,  while  the 
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balls  F'  will  diverge ;  the  positive  electricity  ia  now  in  a  dUguUed  i^stct 
while  the  negative  ia  free ;  and  ao  on,  until  all  the  fluid  is  taken  from 
the  jar. 

Exp.  6.  To  make  a  jar  oui  of  a  common  vial,  —  Fit  a  cork  to  the 
vial,  and  pass  a  wire  through  it,  reaching  nearly  to  the  bottom  of  the 
vial ;  put  a  knob  on  the  outer  extremity  of  the  wire;  half  fill  the  vial 
with  water,  and,  after  carefully  drying  the  outside,  put  the  cork  with 
its  wire  in  its  place ;  grasp  the  outside  of  the  vial  with  one  hand,  and, 
after  having  taken  a  few  sparks  from  the  prime  conductor  to  the  knob, 
touch  the  knob  irith  the  other  hand,  and  you  will  receive  an  electric 
shock. 

Here  the  hand  answers  the  purpose  of  the  external  coating  of  the 
Leyden  jar,  and  the  water  that  of  Uie  internal  coating. 

Exp.  7.  The  electrical 
tporUman,  —  This  consists  of 
a  jar  J  connected  with  the 
figure  D  of  a  sportsman,  who 
is  supposed  to  be  in  the  act  of 
shooting  some  birds  flying 
over  the  ball  A.  Hie  knobs 
A  and  B  are  connected  with 
the  inner  coating  of  the  jar, 

and  the  knob  C  at  the  ex-  Fig*  70. 

tremity  of  the   sportsman's 

gun  is  connected  by  a  wire  going  down  the  figure  with  the  outer  coating. 
Thefigureadmitsof  being  turned  round  upon  a  pin  D  at  its  foot  Some 
light  substances,  cut  in  the  shape  of  birds,  are  suspended  by  cotton 
threads  fix>m  the  ball  A.  Charge  the  jar ;  the  birds  appear  to  fly,  owing 
to  their  mutual  repulsion ;  turn  the  sportsman  round  until  you  bring  the 
muzzle  C  of  his  gun  within  striking  distance  of  the  spark ;  at  the  mo- 
ment the  snap  and  spark  of  discharge  takes  place,  the  pith  birds  appear 
to  fall  down  as  if  they  were  shot. 

Exp.  8.  To  ignite  cotton.  —  Tie  a  lit  of  cotton,  mixed  with  a  little 
powdered  resin,  on  one  of  the  knobs  of  the  jointed  discharger ;  place  the 
other  knob  in  contact  with  the  outer  coating  of  a  charged  jar ;  bring  the 
knob,  covered  with  the  cotton,  within  striking  distance  of  the  knob  of 
the  jar :  and  the  spark  will  ignite  the  cotton. 

Exp.  9.  To  perforate  a  card.  —  Hold  a  dry  piece  of  card  paper  in  con- 
tact with  one  of  the  knobs  of  the  jointed  discharger ;  discharge  the  jar 
through  the  card  paper,  and  it  will  be  found  to  be  perforated  by  the  pas- 
sage of  the  spark. 

Discharge  the  jar  through  three  or  four  jneces  of  card  p8X)er,  or  through 
about  a  dozen  sheets  of  writing  paper. 
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The  hole  in  the  paper  will  be  always  found  to  be  burred  equally  on 
each  side,  as  if  the  electric  fluid  had  come  from  the  middle  of  the  card. 

Exp.  10.  T%e  magie  picture,  —  This  is  simply  a  pane  of  glass  placed 
in  a  frame,  and  covered  on  both  sides  with  tin  foil  within  a  few  inches 
of  the  edges.  It  answers  the  same  purpose  as  the  Leyden  jar.  Charge 
one  side  of  the  plate  after  the  manner  described  in  Exp.  3 ;  discharge 
the  plate  in  the  usual  way. 


Fig.  71. 


1^.72: 


Exp.  11.    T%s  electric  pendulum. — Make  an  electric  pendulum  of 
wire,  with  pith  balls  at  the  end  of  it,  as  represented  in  Fig.  72.    Bal-  . 
ance  the  pendulum  on  the  edge  of  a  charged  plate  of  glass ;  the  pendu- 
lum will  vibrate ;  the  balls  alternately  strike  the  plate. 


BLEGTBICAL   BATTERIES. 

30.  An  electrical  battery  is  formed  when  several  jars  are 
united  together,  by  establishing  a 
metallic  connection  between  all 
their  inner  coatings,  and  a  simi- 
lar connection  between  all  their 
outer  coatings.  The  jars  are 
placed  in  a  wooden  box  lined 
with  tin  foil,  upon  which  the  jars 
stand,  and  which  forms  the  con- 
nection between  all  the  ^outer 
coatings ;  the  inner  coatings  com- 
municate together  by  means  of  metal  rods,  which  connect  the 
22 


Fig.7Z. 
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The  battery  is  nsnallj 
,  which  bag  one  of  its  extrem- 
case,  and  the  other  extremity 
rod. 


wMk  m  good  machine,  to  charge  a  large 
the  <yTifinn,  a  peculiar  coatriyance^ 


the  knob  IV  cf  the  fint  jar  A^ 
«cMidti£lar,  and  the  outer  coating  of  Uie  last 
bj  means  of  the  diain  D.    When  the 
cteeuidtj  from  the  outer  coating  of  A\ 
wmrnj  into  the  groond,  aerreB  to  charge  A',  by 
I  m  like  manner,  the  poodre  electricity 
«ji  A'  aerres  to  charge  A';  and  so  on, 
■iMtriii'itT  tt  carried  away  firam  the  outer  coating  of  the 
pmmA  bf  means  of  the  chain  D. 
m  iiKhargied  by  ooanecting  D  with  IV. 


^tSCHARGTNG    ELECTROMETERS. 


tf  dectrometers,  the  intensity  of  the  electricity 
hy  the  length  of  the  spark  at  the  instant  of 


^f  •• 


it**' 


tk€inmet0r.  —  This  isanordi- 

hftTing  an  arm  c  d  e  attached  to 

a  ft  ;  the  horbnntal  part  e  <<  is  of 

c^fcr  with  Bbdl-lac  ;  the  Tertieal  part 

^  iq4  hft^ieig  &  ring  e-,  in  which   the 

,1ft  m  9  slides,  and  tiHmiinating  in  a  knob 

betwijen  tlu!  kiioba  o  and  5,   and 

length  of  the  spark,  x»n  thus  be 

^«t  the  jar,  connect  the  extremity  m 

^/^  hj  meana  of  a  chiin,  with  the 
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outar  OQitiiig  of  the  jar,  and  tlwn  adljust  the  distance  between  the  knbba 
o  and  b  to  suit  the  amount  of  charge  which  you  wish  to  give  to  the  jar. 
Bring  the  knob  6  near  to  the  prime'  conductor,  and  continue  to  work 
the  machine  until  the  discharge  takes  place  between  the  knobs  b  and  o. 
If  the  knobs  b  and  o  are  placed  very  near  together,  the  intervening 
space  will  be  penetrated  by  the  apark  when  only  a  small  charge  has 
been  given  to  the  jar ;  but  if  the  distance  between  them  be  in- 
creased, then  a  more  powerful  charge  may  be  given  before  the  spon- 
taneous discharge  takes  place.  If  the  same  distance  between  the  balls 
o  and  b  be  retained,  then  the  discharge  will  always  take  place  when  the 
same  quantity  of  electricity  has  been  transmitted  to  the  jar.  This  jar 
may  be  used  to  test  the  relative  powen  of  two  electrical  machines ;  in 
order  to  do  this,  you  place  the  balls  a  and  6  at  a  certain  convenient  dis- 
tance from  each  other :  then  that  machine  will  be  most  powerfiil  which 
causes  the  jar  to  be  diachazged  with  the  least  number  of  turns  of  the 
handle. 

Cuthbertwn't  di9^uurging  eleetrome-' 
ten.  —  This  apparatus,  represented  in 
Fig.  76,  effects  the  discharge  of  itself 
when  the  jar  or  battery  has  arrived  at 
the  limit  of  its  charge. 

An  insulating  support  A  B  carries  a 
metal  rod  D  C,  turning  on  a  centre  at 
B  like  the  two  arms  of  abalance.  This 
metal  rod  is  connected  with  the  inner 
coating  of  the  jar,  or  battery,  and  also 
with  a  quadrant  dectrometer,  as  shown 
in  the  figure.  Below  the  knob  C,  at  a 
sufficient  distance  to  prevent  discharge, 
is  another  knob  E,  which  communicates  with  the  outer  coating  by  means 
of  the  chain  F ;  nearly  in  contact  with  the  knob  D  is  another  knob  D', 
placed  at  the  extremity  of  a  metal  rod,  which  is  fixed  to  the  same  sup- 
port as  the  rod  D  C,  and,  being  in  metallic  communication  with  it,  is 
also  connected  with  the  inner  coating  of  the  jar  or  battery.  When  the 
jar  has  become  sufiidently  charged,  the  knob  D  is  repelled  from  the  knob 
B',  and  the  knob  C  is  thereby  brought  nearer  to  the  knob  E  in  connec- 
tion with  the  outer  coatuig;  and  when  this  distance  is  within  the  dis- 
tance at  which  explosion  takes  place,  the  jar  or  battery  is  discharged. 

Fig.  77  represents  a  slightly  difeent  form  of  this  apparatus,  where 
L  is  a  sliding  ball,  which  enables  the  operator  to  give  a  more  perfect 
adjustment  to  the  action  of  the  apparatus. 

TKe  balance  eUetrom§ier  simply  consists  of  a  common  balance  beam, 
¥rUh  a  scale  hung  on  one  «de  te  hohling  weights,  and  a  gilt  piece 
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of  wood  hung  on  the  other   lor  the 

purpoae  of  being  applied  to  the  surfiioe 

of  an  electrified  bodj.    The  weight  ne- 

cesBary  for  overooming  the  attractlcm  of 

the  electrified  surface  on  the  gilt  piece 

of  wood  IB  taken  as  the  rdatiye  measure 

of  the  intensity  of  the  electricity  on  tho 

sur&oe  of  the  electrified  body. 

'  Fig.  77. 

MECHANICAL  EFFECTS   OF  ELECTRIC  DISCHARaES. 

32.  The  fiiUowing  experiments  may  be  performed  with  a  sing^  jar ; 
but  the  effects,  in  most  cases,  will  be  more  striking  when  a  battery  is 
used. 

Exp,  1.    The  thunder  houae.  —  This  apparatus  illus-  c 

trates  the  use  of  metallic  rods  as  a  protection  to  buildings  O 

from  the  effects  of  lightning,  and  also  shows  the  use  pi 
pointed  rods  as  tranquil  conductors  of  electricity.    The  Tr\ 

conductor  C  D  is  broken  at  A  and  B  by  two  little  square  ^  X  ^^ 
slips  of  wood  having  conducting  wires  passing  through 
them,  and  which  may  be  inserted  in  their  places,  either 
with  the  conducting  wire  broken,  as  at  B  in  the  figure^ 
or  with  the  conducting  wire  unbroken,  as  at  A ;  the  ball 
C  may  be  screwed  off  the  wire,  and  then  it  is  terminated 
by  a  point.  JFl^*  78 

To  use  the  apparatus,  first  let  the  ball  C  be  screwed  on 
the  top  of  the  conducting  wire,  and  let  the  square  slips  be  placed  as  in 
the  figure ;  connect  the  extremity  D  of  the  conducting  wire  with  the 
outer  coating  of  a  charged  jar ;  place  one  kncb  of  the  .jointed  discharger 
within  striking  distance  of  the  ball  C,  and  gradually  bring  the  other 
knob  of  the  discharger  within  striking  distance  of  the  knob  of  the  jar ; 
the  disruptiye  effect  .of  the  charge  wUl  throw  out  the  slip  B,  while  A 
remains  in  its  place. 

Perform  the  same  experiment  when  the  ball  C  is  taken  off:  the  charge 
will  pass  quietly  through  the  point,  and  both  slips  will  remain  in  their 
place. 

Exp,  2.  The  ekxtrie  bomb.  —  A  cavity  is  made  in  a  ▲  d  b 
block  of  wood  C,  and  closed  by  a  cork  D ;  two  wires 

A  and  B  pass  into  this  cavity,  having  their  points  about       

a  quarter  of  an  inch  asunder.    Now  connect  the  knob       ^^^^ 
B  with  the  exterior  coating  of  a  jar  or  battery ;  and         j^tf.  79. 
with  the  knob  of  the  discharging  rod  in  contact  with 
the  knob  A,  discharge  the  jar  or  battery,  and  the  cork  will  be  fordhly 
prqjected  from  the  cavity. 


t 
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Fill  up  the  cayity  with  sand ;  transmit  a  charge  through  it ;  and  the 
passage  of  the  spark  will  disperse  the  sand  in  all  directions. 

Exp.  3.  Ditpertion  of  water.  —  Transmit  a  strong  charge  through  the 
fluid :  it  will  be  scattered  in  all  directions. 

Exp.  4.  To  perforate  giau.  -^  Fill  a  vial  A  (see  Fig. 
80)  with  oil ;  dose  it  with  a  cork,  through  which  a  wire 
B  passes,  having  its  lower  end  so  bent  that  its  poiiit  shall 
touch  the  inner  surface  of  the  vial.  Connect  the  extremitjr 
B  with  the  outside  coating  of  a  charged  jar ;  placetheknob  ~i^,  gO. 
C  of  the  jointed  discharger  opposite  to  Uie  point,  then  dis- 
charge the  jar,  and  the  spark  in  its  passage  through  thd  glass  will  make 
a  hole. 

This  experiment  may  also  be  performed  by  suspending  the  yial  from 
the  prime  conductor  of  a  powerful  machine,  and  taking  the  spark  from 
the  point  by  bringing  a  brass  ball  opposite  to  it. 

Eacp.  5.  7b  break  wood  and  glass.  —  Transmit  a  strong  charge  through 
a  stick  of  wood,  in  the  direction  of  its  fibres,  about  half  an  inch  thick : 
the  wood  will  be  split. 

Discharge  a  jar  or  battery  through  a  jdate  of  window  glass,  after  the 
manner  described  at  page  252,  Exp.  9  :  the  glass  will  be  broken. 

fj^y.  6.  To  ruptvtre  substances  which  are  imperfect  conductors  of  etec- 
tridty.  —  Place  several  dry  cards  together  between  the  knobs  of  the  uni- 
versal discharger;  pass  a  strong  charge  through  them,  and  the  spark  will 
pierce  a  hole  through  them.  The  cards  will  have  a  peculiar  sulphurous 
odor,  like  that  which  is  perceiYcd  in  places  after  they  have  been  struck 
by  lightning. 

Thin  pieces  of  wood  may  be  ruptured  in  the  same  manner. 

Place  a  piece  of  dry  writing  paper  on  the  stage  of  the  imiversal  dis- 
charger, lay  its  knobs  on  the  paper,  at  the  distance  of  an  inch  and  a 
half  from  each  other ;  then  transmit  the  charge,  and  the  passage  of  the 
spark,  if  sufficiently  strong,  will  tear  the  paper  asunder. 

Lay  a  piece  of  perforated  tin  foil  between  two  panes  of  glass;  fix  them 
tightly  together,  and  transmit  a  strong  charge  through  the  tin  foil :  the 
panes  of  glass  will  be  split  by  the  discharge. 

Exp.  7.  An  electrical  thermometer^  sometimes  catted  a 
thermo'clectroscope.  —  This  piece  of  apparatus,  represented 
in  Fig.  81,  is  intended  to  show  the  momentary  expansion 
of  the  air  produced  by  the  heat  of  the  spark  in  its  passage 
through  the  air.  A  is  an  air-tight  tube  communicating  with 
a  small  tube  B  which  is  open  at  the  top ;  a  and  b  are*  two 
knobs  attached  to  the  extremities  of  wires  passing  out  of  the 
tube ;  a  colored  liquid  below  the  level  of  the  knob  b  stands 
at  the  same  height  in  the  two  tubes.    When  a  charge  or 
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^^  ^^ibemrhiA  expands  by  the  heat  developed 
'***  *****  a^  'P^^'  ^  ^'^  in  A  wiU  therefore  fall.  wbOe 
^^'^^^^STiwe.  Thestmigthaf  the  electric  charge  is  indicated  by 
the  anouflt  of  cq*"^ 

SKATOr^}  XFFBCTS   OF  BLECT&IO  DISOBABGfiS. 

33.  jSip.  1.  /^i^«w»  ef  ♦■«»*»  «-P^  «»««•.  —  Sprinkle  some  powdered 

^f^  oa  the  stti&ce  of  water  contained  in  a  cup;  connect  the  outer  ooat- 

'  ff  of  a  chai^  jar,  by  means  of  a  chain,  with  the  water  in  the  cup ; 

^Mharge  the  jar,  by  causing  the  spark  to  pass  through  the  resin,  which 
^nJl  instantly  ignite. 
Vazions  other  substances  may  be  ignited  in  a  similar  manner. 
£jcp,  2.  Place  a  skein  of  cotton,  impregnated  with  any  lesbiouB  pow- 
der, on  the  stage  of  the  uniTcrsal  dischazger ;  pass  the  spark  through  the 
cotton,  and  it  will  be  ignited.  This  is  another  way  of  perfonning  £xp. 
8,  explained  at  page  252. 

£j^.  3.  Expkmon  cf  gunpowder.  -*-The  igniting  power  of  an  electric 
gpark  is  increased  by  passing  the  charge  through  a  dan^  conductor.  In 
f^  way  we  are  enabled  to  ^i^  gunpowder,  which  cannot  be  ignited  by 
the  flpark  under  ordinary  circumstances ;  place  some  fine  gunpowder  in 
the  wooden  cup  C,  (Fig.  79 ;)  carry  the  fluid  for  about  six  inches  along 
a  damp  thread  attached  to  that  arm  of  the  discharger  which  is  oon«- 
nected  with  the  outer  coating  of  the  jar :  then  the  passage  of  the  spark 
^m  the  end  of  one  wire  to  the  end  of  the  other  will  ignite  the 
powder. 

Here  the  moist  thread,  bdng  a  somewhat  imperfect  conductor,  retards 
the  passage  of  the  electric  fluid,  and  thereby  causes  the  diBchazge  to  take 
place  with  less  rapidity  than  it  would  otherwise  do. 

Exp,  4.  A  Jin»  wire  heated,  fiued,  and  burned,  —  Stretch  a  few  inches 
of  very  fine  harpsichord  wire  between  the  ends  of  the  universal  dis- 
charger, (see  Fig.  33  ;)  send  a  good  charge  through  the  wire,  and  it  wiH 
be  either  rendered  incandescent,  or  it  will  be  fused.  The  length  of  wire 
which  may  be  fused  depends  upon  the  size  of  the  battery  and  the  inten- 
sity of  the  charge.  A  battery  composed  of  half  a  dozen  ordinary  jars, 
and  iully  charged  by  a  good  machine,  will  readily  fuse  about  six  inches 
of  fine  harpsichoQl  wire. 

The  heating  effects  of  electrical  charges  on  different  metals  depend 
on  their  conducting  powers ;  thus  platinum  and  iron,  which  are  bad 
conductors  of  electricity,  become  more  powerfully  heated  by  the  passage 
of  an  electrical  charge  than  gold  and  copper,  which  are  good  <xm- 
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The  tbenao-electwcopei  Tvpranated  by  Pig.  82, 
d^endi  upon  this  prinoipl&  C  D  A  B  has  the 
lann  of  a  differential  thflnnometer;  a  platinuminre 
paBsei  through  the  ball  C»  and  is  hermetically  sealed 
to  it.  When  an  electric  charge  is  transmitted 
through  the  platinum  wire,  it  becomes  heated,  and 
this  causes  the  air  in  the  ball  C  to  expand,  which  is 
instantly  made  manifest  by  the  rise  of  the  liquid  in 
the  tube  A  B.  The  graduated  scale  on  A  B  gives 
the  relatiye  heating  powers  of  different  charges. 
This  instrument  is  best  adapted  to  the  measurement 
of  the  heating  power  of  Yoltaic  electricity. 

Exp,  6,  Ignition  and  fu9ion  of  gold  leaf , — Plac 
a  strip  of  gold  leaf  between  two  pieces  of  dry  paper ; 
lay  them  on  the  table  of  the  univasal  dischaiger; 
pass  a  good  charge  through  the  gold  leaf,  and  it  will 
be  burnt.  Both  pieces  of  paper  will  be  covered  with 
a  purple  strip  of  oxide  of  gold ;  the  strip  has  a  grayish  tinge  when  the 
gold  leaf  contains  a  portion  of  silver. 

Exp.  6.  Place  a  small  bit  of  gold  leaf  between  two  pieces  of  window 
glass ;  proceed  as  in  the  last  experiment,  and  the  gold  will  be  fused  into 
the  glass. 

Exp,  7.  Igmium  of  giU  ihr&uU  —  Stretch  a  gilt  thread  of  silk  be- 
tween the  extremities  of  the  universal  discharger ;  send  a  charge  through 
the  thread,  and  the  electric  fluid,  in  its  passage,  will  bum  the  gilding,  ^ 
and  the  silk  will  remain  uninjured. 


Fig,%2. 
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'  34.  The  Bensatkm  of  a  spider's  web  being  drawn  over  the 
&ce,  and  the  peculiar  phosphoric  odor  attending  the  transmis- 
sion of  electricity,  are  amongst  the  most  ordinary  physiologi- 
cal effects  of  electricity.  When  a  strong  electrical  charge 
passes  through  the  body,  it  is  accompanied  by  a  shuddering 
sensation  and  a  sudden  contraction  of  the  muscles,  which  is 
called  the  eUciric  shock.  (See  Exp.  4,  page  231.)  The  dis- 
charge from  a  single  jar  is  sufficient  to  destroy  the  life  of 
small  animals;  and  the  discharge  of  a  powerful  battery 
through  the  head  of  a  large  animal  is  enough  to  kill  it 
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Hon  a  jar,  interpose  in  some  part  of  the 

inatead  of  the  usual  shockt  there  will  be 

I  induced  at  the  tips  of  the  fingers. 

^  ^'fft^W k«d  of  a  iire  mouse  bet^reen  the  ivires  of  the  uni- 

I  a  strong  shock  thrpu^ph  it,  and  the  mouse  will  be 


XAGXSnC  EFFECTS   OF  ELECTRIC  DISCHABGES. 


^  £^  1.  Place  a  small  sewing 
f^  ^  a  helix  or  spiral  formed  of 
wire,  a  b,   (Pig.  88,)   covered 
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0,cr  vidi  silk ;  place  the  ends  of  the  JF^.  83. 

^Kx  in  contact  with  the  arms  of  the 

^^nvsal  discharger ;  transmit  a  strong  charge  through  the  wire^  and  the 

jMsdle  will  be  rendered  magnetic.    The  end  of  the  needle  which  lies  to 

^  right  cf  the  electric  current  will  be.  a  ncrth  pole,  and  the  opposite 

end  a  south  pole. 

Ejqt,  2.  Reverse  the  direction  of  the  needle  of  the  last  experiment; 
transmit  two  or  more  charges  of  electricity  through  the  helix,  and  the 
poles  of  the  needle  will  be  reversed. 

The  magnetic  effects  of  common  electricity  are  very  feeble 
as  compared  with  those  of  voltaic  electricity.  The  explana- 
tion of  these  phenomena  will  be  given  in  connection  with  the 
subject  of  galvanism. 

CHEMICAL   EFFECTS   OF   ELECTBIC  DISCHABGES. 

86.  The  chemical  effects  of  the  ordinary  electric  correnis, 
like  the  magnetic  effects,  are  comparatively  feeble.  The  fol- 
lowing experiments,  however,  show  that  ordinary  electricity 
really  possesses  a  decomposing  influence. 

Exp,  1.  Place  two  pieces  of 
tin  foil  it  on  h  dry  pane  of 
glass  G  G ;  on  these  pieces  of 
tin  foil  lay  platinum  wires,  bent 
in  the  manner  shown  in  Fig. 
84,  so  that  there  shall  be  a  ^*^'  ®**  • 

small  space  between  the  two  points  at  k,  where  they  touch  the  glass,  and 
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"where  the  body  which  is  to  be  decomposed  is  placed.  Lay  the  glass  G  Q 
on  the  table  of  the  universal  discharger ;  place  its  two  knobs  on  the  tin 
foils,  and  connect  one  of  them  by  a  chain  and  a  moist  thread  with  the 
prime  conductor  of  the  machine,  and  the  other  with  the  insulated  cush- 
ion. Place  a  drop  of  a  solution  of  iodine  of  potassium  at  k,  between  the 
platinum  points ;  turn  the  machine,  and  after  a  short  time  the  iodine  will 
be  deposited  at  the  positive  wire,  and  the  metallic  potassium  at  the  neg- 
ative wire.  Perform  the  same  experiment  with  a  drop  of  a  solution  of 
sulphate  of  copper,  and  so  on. 

These  experiments  may  be  perfotmed  with  more  delicacy  by  using 
bbtting  paper  saturated  with  the  solutions ;  thus  paper  dipped  in  a  solu- 
tion of  iodine  in  alcohol  will  readily  give  a  blue  tinge  of  iodine  on  the 
paper  in  contact  with  the  positive  wire. 

The  decomposition  of  water  by  common  electricity  was  first  shown  by 
WoUaston. 

Sparks  discharged. for  a  length  of  time  through  the  air  of  a  closed 
receiver  cause  the  two  gases  in  the  air  to  combine  and  fbim  nitric 
add ;  in  this  way,  no  doubt,  nitric  add  is  fimned  in  the  atmosphere  by 
lightning. 

Exp,  2,  Place  a  fine  metal  point  in  connection  with  the  prime  con- 
ductor of  the  machine ;  work  the  machine  for  some  time,  and  then  bring 
the  metal  point  in  contact  with  the  tongue :  a  faint  add  taste  is  felt ; 
whereas  the  negative  dectridty  will  produce  an  alkaline  taste. 

DISTRIBUTION   OF  ELECTRICITY. 

87.  The  electric  fluid  arranges  itself  upon  the  surfaces  of 
conductors. 

Exp.  1.  A  is  an  electrified  metal  ball«  suspended  by  a  silk  thread ;  B 
and  C  are  two  hollow  metal  hemispheres,  which  exactly  envelop  the 
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sphere ;  when  they  are  removed  from,  the  sphere,  then  not  the  slightest 
trace  of  electtidty  remains  upon  it,  while^the  outer  surfaces  of  the  hemi- 
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find  aft 


»mpant 


P^  M,  wboe  CHftmall^iikcr  gilt  ] 

cf  « itidL  €f  got  lae  A  B.    Li  vbb|^ 

a£  tlK  cletUilfed  imftBe  m  toadicii  by  tlK  proof  ]_ 

boi^  cwiiul  to  dbe  taBRon  dedvoHMter*  Ac  intgtwity  cf  tlic 

deetikity  at  the  poiat  tonrhed  bj  tiv  proof  plaie  ii  imtiftwi 

l7ti«d.tet»<irtbei««]le. 

f^u  2.  A  «  a  conical  nnaim  big,  fixed  to  an  innl>«Ml  «m*!J  ^  "^ 
fiD^  ■ammg  MOMtfamg  fika  a  bnttaBy 
net  f  B  aao  C  0e  ■&  uiuado  ittachcdl 
to  tbe  apex  of  die  oone^  one  od  tbe  ont- 
lide  and  tbe  other  on  tbe  inside,  \rj 
wludb  the  cone  nuy  be  tumeu  outeiue  ttu 
IiC€  uw  eoB6  be  aUDged  with  electzicity 
by  means  of  a  carrier  bsD;  test  thedeo- 
tzicity  of  the  insde  nA  outside  smiaccs 
faj  means  of  tbe  proof  pbme;  then  it  win 
be  tmnd  that,  wh30  the  outside  sofiwe 
is  charged  with  dedzicitj,  the  inside  sor- 
iaoe  is  catiidy  free  from  it.  Tun  the 
cone  outside  in,  and  test  the  surfaces  as 
before;  tbe  sozftce  which  is  now  outside  will  contain  all  the  elecCzidtyy 
and  that  which  is  now  inside  will  be  entirely  fiee  fiom  it. 

These  experiments  desrly  show  that  the  electricity  distzibutes  itralf 
npon  the  exterior  surfSuse  of  a  conducting  body,  bat  not  on  the  interior 
surface. 

The  following  experiment,  first  given  by  Faraday,  estabUshes  the  same 
principle,  as  well  as  an  important  Liw  zelatiTe  to  the  induction  of  elec- 
tricity :  •  — 

•  By  applying  his  theoretieal  ideas  to  other  and  di£ferent  phenomena  of 
statical  electricity,  Faraday  is  led  to  admit  that  the  tendency  of  electricity  to 
distribute  itself  on  the  surface  of  oonducting  bodies  is  more  apparent  than 
roal,  and  that  the  experiments  which  prove  that  there  is  not,  in  fact,  any  free 
electricity  except  at  their  lurfiice,  ore  easily  explained  in  another  nnumer. 
No  slMtrio  charge^  accardmg  to  this  theory,  can  be  manifested  in  the  iote- 
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An  insulated  electrified  ball  A  is  sa^ 
tained  in  the  interior  of  a  series  of  jars, 
placed  the  one  within  the  other,  and  sep- 
arated from  each  other  by  plates  of  gum 
lac,  as  shown  in  Fig.  88  ;  the  outer  jar 
B  communicates  with  a  gold  leaf  electro- 
scope C,  the  leaves  of  which  L  diverge 
the  moment  the  electrified  ball  A  is  in- 
troduced. Here  induction  takes  place 
from  jar  to  jar,  until  at  last  the  outer  sur- 
face of  the  jar  B  becomes  electrified. 

Upon  testing  the  electricity  on  the  but 
face  of  the  jars  by  means  of  the  proof 
plare,  it  will  be  found,  while  the  outer 
surfaces  of  the  jars  all  contain  electricity 
the  inner  surfaces  are  entirely  free  from  it. 

While  the  gold  leaves  L  are  divergent, 
let  the  electrified  ball  A  touch  the  side  of 
the  inner  jar,  and  it  of  course  transmits 
its  electricity  to  the  jar,  and  tlie  gold 

leaves  neither  diverge  more  nor  less  than  before.  This  experiment  proves 
that  the  electricity  possessed  by  the  ball  is  exactly  equal  in  quantity  and 
in  power  to  that  which  it  develops  by  induction. 
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nor  of  a  body,  on  account  of  the  opposite  directions  of  the  electricities  in 
each  of  the  interior  particles;  whence  the  resulting  effect  is  null ;  whilst  the 
inductioxk  exercised  by  exterior  bodies  renders  the  electricity  sensible  on  the 
surface.  From  this  manner  of  regarding  it,  electricity  must  show  itself  only 
on  the  surface  of  a  conducting  envelop,  whatever  be  its  conductibility  or  the 
insulating  property  of  the  substance  placed  within.  Faraday,  in  fact,  de- 
monstrated this  by  strongly  electrizing  oil  of  turpentine  placed  in  a  metal 
vessel.  There  was  no  apparent  electricity,  except  on  the  exterior  surface  of 
the  vesseL  He  also  constructed  a  cubical  chamber,  twelve  feet  square,  the 
wooden  sides  of  which  were  covered  outside  with  tin  foil ;  he  insulated  it ; 
then,  after  having  introduced  into  it  electroscopes  and  other  objects,  he  elec- 
trized the  interior  ^ir  ^th  a  strong  machine.  No  trace  of  electricity  was 
manifested  within ;  whilst  considerable  sparks  and  luminous  brushes  darted 
off  in  aU  directions  from  the  exterior  surface.  While  these  experiments 
complete  those  of  Coulomb,  in  which  he  operated  only  upon  conducting  bod- 
ies, they  render  the  explanation  that  was  given  rather  improbable,  since  it 
was  based  uiK)n  the  free  propagation  of  electricity  in  the  conducting  mass ; 
whence  it  followed  that  this  electricity  distributed  itself  entirely  on  the  sur- 
face. When  once  the  phenomenon  has  occurred  in  the  same  manner  with 
insulating  bodies  placed  interiorly,  this  explanation  is  not  tenable. 
With  regard  to  the  influence  of  form  upon  the  quantity  of  electricity 
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The  intensity  of  the  electricity  upon  a  conducting  bodjr 
depends  upon  the  extent  of  that  surface. 

£xp,  3.  A  B  is  an  insulated  me- 
tallic roller,  which  may  be  tumcsd 
by  the  insulated  handle  H ;  D  is  a 
jiith  ball  electroscope ;  C  is  a  me- 
tallic ribbon  coiled  upon  the  roller. 
XiCt  the  roller  be  charged  with  elec- 
tricity, then  the  balls  D  will  diverge 
from  each  other,  indicating  the  in- 
tensity of  the  charge ;  let  the  me- 
tallic ribbon  be  unrolled,  drawing 
it  by  means  of  a  silk  thread  at- 
tached to  the  extremity  C ;  then  the  balls  D  will  approach  each  other. 
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accumulated  at  the  siu-face  of  bodies  not  spherical,  it  would  a]wa3r8  depend, 
according  to  Faraday's  theory,  upon  some  points  of  the  surface  being  ex- 
posed to  a  greater  amount  of  inductive  forces  than  others.  Thus  the  extrem- 
ities of  a  cylinder,  or  of  an  elongated  ellipsoid,  would  be  more  strongly  elec- 
trized than  the  rest  of  the  surface,  because  there  go  from  them  a  greater 
number  of  filaments  of  polarized  particles,  establisliing  with  surrounding 
conductors  the  communication  necessary  for  induction.  A  point  is  far  su- 
perior in  this  respect ;  for  it  is  the  centre  whence  emanate  in  all  directions 
the  lines  of  inductive  force,  which,  for  example,  when  a  ball  is  in  question, 
are  found  distributed  over  a  greater  extent,  and  do  not  set  out  from  a  single 
point  only,  but  equally  from  all  points  of  its  surface. 

In  the  theory  that  we  have  been  explaining,  the  mutual  repulsion  of  bodies 
charged  with  the  same  electricity  is  only  apparent ;  it  is  called  into  existence 
because  there  is  no  electricity  on  the  nearer  surfaces,  and  because  each  of 
the  bodies  is  attracted  in  opposite  directions  by  the  surrounding  bodies,  upon 
which  induction  determines  an  electrical  state  dissimilar  to  their  own.  We 
may  even  prove,  by  means  of  the  proof  plane,  that  the  two  gold  leaves  of  an 
electroscope,  when  they  are  diverging,  have  no  electricity  on  their  interior  sur- 
face, whilst  they  are  strongly  electrized  exteriorly,  however  thin  they  may  be 
in  other  respects.  Repulsion  is  also  explained  by  attributing  it  to  the  attrac- 
tion exercised  upon  each  of  the  gold  leaves  by  the  contrary  electricity, 
developed  by  induction,  in  the  strata  of  air  in  contact  with  their  exterior 
surface.  This  mode  of  action  of  the  air  is  much  more  natural  and  more 
probable  than  that  in  which  it  is  regarded  as  determining  repulsion  by  the 
greater  pressure  from  within  outwards,  than  inwards  from  without,  which  it 
exercises  upon  electrized  bodies.  However,  the  experiments  which  show  that 
repulsion  takes  place  in  vacuo  as  well  as  air,  would  seem  to  be  equally  con- 
trary to  these  two  explanations,  except  that,  in  the  former,  we  admit  the  effect 
by  induction  of  the  ambient  bodies,  even  when  they  are  placed  at  a  great 
distance. 
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owing  to  tho  electricity  having  become  ipxead  over  a  gpreater  extent  of 
suiiSEM^e ;  now  let  the  ribbon  be  rolled  up,  by  the  insulated  handle  H,  and 
the  pith  balls  will  again  diverge  from  each  other. 

Exp.  4.  To  show  thai  electricity  accumulates  itself  towards  the  extrem^ 
iHes  of  an  insulated  conductor,  —  Touch  the  different  parts  of  the  elec- 
trified conductor  with  the  proof  plane,  and  test  the  intensity  of  tha 
electricity  in  each  case  by  means  of  the  torsion  electrometer,  and  it  will 
be  found  that  those  parts  of  the  conductor  which  are  farthest  from  the 
middle  have  the  greatest  intensity.  Hence  the  tendency  of  the  dectrio 
fluid  to  escape  from  pointed  extremities.  These  effects  apparently  arise 
from  the  mutual  rq>ulsion  of  the  particles  of  the  fluid. 


ATMOSPHERIC  ELECTRICITY. 

THB  IDENTITY   OF  ELECTRICITY  AND   LIGHTNING. 

88.  The  honor  of  this  discovery  belongs  to  Franklin.  In 
a  letter  to  a  friend  he  gives  the  following  account  of  the  ori- 
gin of  the  conception  which  conducted  him  to  the  great  dis- 
covery :  "  Your  question,  how  I  came  first  to  think  of  pro- 
posing the  experiment  of  drawing  down  the  lightning  in 
order  to  ascertain  its  sameness  with  the  electric  fluid,  I  can- 
not better  answer  than  by  giving  you  an  extract  from  tha 
minutes  I  used  to  keep  of  the  experiments  I  made,  with 
memoranduitis  of  such  as  I  purposed  to  make,  the  reasons 
for  making  them,  and  the  observations  that  arose  upon  them, 
from  which  minutes  my  letters  were  afterwards  drai/tn.  By 
this  extract  you  will  see  that  the  thought  was  not  so  much 
an  out  of  the  way  one,  but  that  it  might  have  occurred  to  an 
electrician.  ^  Nov.  1749^  Electric  fluid  agrees  with  lightning 
in  these  particulars :  1.  Giving  light ;  2.  Ck)lor  of  the  light ; 
8.  Crooked  direction ;  4.  Swift  motion;  5.  Being  conducted 
by  metals ;  6.  Crack  or  noise  in  exploding;  7.  Subsisting  in 
water  or  ice ;  8.  Rending  bodies  it  passes  through ;  9.  De- 
stroying animals ;  10.  Melting  metals;  11.  Firing  inflammable 
substances ;  12.  Sulphureous  smell.  The  electric  fluid  is  at- 
Iracted  by  points.  We  do  not  know  whether  this  property  is 
in  lightning,  but  since  they  agree  in  all  the  particulars  In 
23 
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which  we  ean  already  compare  them,  is  it  not  pcbbable  Uwjr 
agree  likewise  in  this  ?    Let  the  experiment  be  made.'  '* 

Thb  letter  will  ahvajs  be  read  with  intereiit,  affording,  as  it 
does,  one  of  the  most  admirable  examples  of  inductive  rea- 
soning. 

Franklin  made  the  experiment  in  the  following  maaaer. 
He  made  a  kite  with  points  fixed  to  it,  with  the  Tiew  of 
drawing  electricity  from  the  clouds.  In  order  to  insulate  the 
electricity  that  might  pass  down  the  hempen  cord,  which  is  a 
partial  conductor  of  electricity,  he  attached  a  silk  cord  to  its 
extremity,  where  he  placed  a  key,  from  which  he  expected  to 
obtain  sparks  of  electricity.  Afraid  of  being  laughed  at, 
should  his  experiment  fail,  he  took  his  little  boy  with  him,  to 
make  it  appear  as  if  he  were  going  to  assist  the  boy  in  flying 
his  kite.  Frapklin  and  his  little  boy  having  nused  their  elec- 
trical kite  in  the  air,  they  waited  a  long  time  before  any  indi- 
cations of  electricity  could  be  seen.  At  length  a  thunder 
cloud  passed  over  the  kite ;  the  electric  fluid  passed  from  the 
cloud  to  the  points  fixed  on  the  kite,  and  descended  the 
hempen  cord,  the  fibres  of  which  stood  erect  by  electrical 
repulsion ;  Franklin  then  applied  his  knuckle  to  the  key,  and 
received  the  electric  spark. 

What  must  have  been  the  ecstasies  of  his  soul  at  that  mo- 
ment !  He  had  made  one  of  the  most  brilliant  discoveries  in 
the  whole  range  of  physical  science !  he  had  discovered  the 
identity  of  lightning  and  electricity ! 

He  aflerwards  charged  Leyden  jars  with  lightning,  and 
made  other  experiments,  similar  to  those  usually  performed 
with  electrical  machines.  He  also  introduced  lightning  con* 
ductors,  or  pointed  rods,  for  the  protection  of  buildings  fixxn 
the  effects  of  lightning.     (See  Exp.  1,  page  256.) 

The  picture  of  Franklin  and  his  little  boy  fl3ring  the  kild 
which  first  drew  lightning  from  the  clouds,  will  be  regarded 
with  interest  to  the  latest  ages  of  the  world. 

About  the  same  time,  acting  under  Franklin's  suggestion, 
Dalibard  erected  an  insulated  pointed  rod,  40  feet  high,  and 
thereby  succeeded  in  obtaining  sparks  £rom  the  doudd. 
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Fig,  90. 
XLECTBJCITT  IN   THE  JUB* 

89.  Eleeiridtj  is  always  found  in  the  air,  but  it  varies 
both  in  kind  and  in  quantitj.  It  is  generally  positive  when 
the  air  is  dear  lynd  seiviie,  and  negative  when  it  is  humid 
and  clolMfy.  Tfa«  inteiMtry  of  electrical  phenomena  is  usually 
greatest  in  the  higher  strata  of  the  atmosphere :  it  is  also 
stronger  i»  wiater,  especially  during  frosty  weather,  than  it  is 
in  suninnnr,  and*  when  the  air  is  cahn  than  when  it  is  bois- 
terous. When  the  wind  blows  from  the  north,  the  drops  of 
rain  are  generally  positive,  and  when  it  blows  from  the  south, 
they  are  generally  negative.  The  earth  is  alwkys  in  a  con- 
tmry  scale  of  electricity  to  that  of  the  higher  strata  of  the 
atmosphere )  and  hence  the  atmosphere,  at  the  height  of  a  few 
feet  above  the  surface,  is  always  in  a  neutral  state.    The  aerial 
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electricity  attains  a  maximum  and  minimum  condition  twice 
every  day ;  its  intensity  is  least  during  the  night ;  it  increases 
afler  sunrise,  or  during  the  fall  of  dew,  and  attains  its  maxi- 
mum condition  a  few  hours  afler  sunrise :  from  that  time  it 
gradually  decreases  until  a  few  hours  before  sunset,  when  it 
reaches  its  second  minimum  condition;  after  sunset  it  rises 
rapidly,  especially  during  the  fall  of  dew,  and  attains  its  Beo- 
ond  maximum  condition  a  few  hours  afler  suQset. 


ELECTROMETEORS. 

40.  The  most  common  electrometeors  are  thunder  starmsj 
sheet  lightning,  the  aurora  borealis,  waterepcuU,  whirlwinds^ 
and  the  luminous  appearance  of  pointed  conductors.  The 
commonest  and  grandest  of  these  electrical  phenomena  are 
thunder  and  lightning. 

THE   AURORA   BOREALIS,   OR  NORTHERN   LIGHTS. 

41.  In  the  higher  regions  of  the  atmosphere,  where  the 
air  is  very  much  attenuated,  the  flashes  of  electric  light  give 
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rise  to  the  well-known  phenomenon  of  the  aurora  borealis,  or 
northern  lights.  (See  Exp.  2,  page  238.)  This  meteor  is  seen 
most  brilliantly  towards  the  arctic  regions.     Fig.  91  repre* 
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Bents  the  appearance  which  it  presents  at  its  commencement^ 
where  streak  of  electric  light  appear  to  move  from  the 
northern  parts  of  the  horizon  towards  the  magnetic  zenith. 
Sometimes,  even  with  us,  it  assumes  the  form  of  a  magnifi- 
cent luminous  bow,  spanning  the  horizon  for  thirty  or  forty 


igrees* 

Figs.  92  avd  93  represent  some  of  the  appearances  mf  the 


Fig>  92. 

aurora  borealis  at  the  north  arCtic  zone,  as  given  by  M.  LottiDi 
aa  officer  of  the  French  navy. 


Fiff.93, 

Fig.  94  represents  a  remarkable  appearance  of  the  anrora 
borealis,  which  was  seen  over  every  part  of  Europe.    This 
was  observed  and  described  by  Mairan  in  the  year  1726. 
23* 
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JFV^.  95. 


/\^.9e. 
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WATERSPOUTS. 

42.  At  the  commencement  of  this  wonderful  and  terrific 
phenomenon,  the  watery  vapor  in  the  clouds  appears  to  de- 


Fig.  97. 

scend  in  the  form  of  a  eone,  while  the  ocean  beneath  becomes 
agitated,  as  shown  in  Fig.  95 ;  the  apex  of  the  cone  continues 
to  descend,  and,  after  a  little  time,  a  cloud  of  watery  vapor 
rises  from  the  ocean  towards  it,  as  shown  in  Fig.  96.  This 
goes  on  until  the  two  streams  of  watery  vapor  join  each  other 
and  form  a  complete  waterspout,  or,  it  may  be,  form  two  or 
more  waterspouts,  as  shown  in  Fjg.^97. 

These  remarkable  phenomena  appear  to  be  due  to  the  dif- 
-ferent  electrical  conditions  of  the  cloud  above  and  the  ocean 
beneath. 

DIFFERENT  MODES  OF  GENERATING  ELECTRICITY. 

4d«   Besides  friction,  there  are  various  modes  of  generating|| 
electricity.    The  fi>llowing  are  amongst  the  most  remark- 
able:—  * 
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ELECTRICITY   GENERATED   BY    THE   FRICTION   OF    HIGH 
PRESSURE    STEAM. 

The  friction  of  high  pressure  steam  %on  the  metallic  pipes, 
&c,  through  which  it  is  made  to  pass,  has  recently  been  found 
to  develop  large  quantities  of  electricity. 

A  Tery  powerful  electrical  machine  has  been  constructed  on  this  prin- 
ciple by  Mr.  ArmstroDg  of  Newcastle,  and  called  by  him  the  Hydro- 
electric machine. 


HYDRO-ELECTRIC   MACHINE. 


44.  This  machine  is  represented  in  Figs.  98  and  99.    A  Is  a  strong 
•team  boiler,  cased  m  wood  to  reduce  the  radiation  of  heat,  standing  on 


Fig,  98. 

six  glass  pillars  O;  B  the  furnace  and  C  the  ash  pit,  formed  in  the 
under  part  of  the  boiler;  P  Q  the  cffimney ;  D  is  a  water  gauge,  and  £ 
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the  feed  Talve;  P  P  two  tubes  leading  from  the  TalTefl  1 1  to  the  largo 
tubes  G  G ;  H  H  are  a  series  of  bent  iron  tubes,  proceeding  from  the 
pipes  G  G,  and  tenninating  in  jets  J,  which  may  be  opened  or  doaed* 
by  means  of  levers  placed  at  K  K ;  M  is  the  safety  yalve. 

Fig.  99  represents  a  zinc  case,  provided  with  four  rows  of  brass  points, 
.which  are  placed  in  front  of  the  rows  of  the  jets  J,  (Fig.  98,)  in  order  to 


Fig,  99 


attzact  the  dectxicity  from  the  steam  vapor  projected  upon  them :  when 
kng  sparJiui  are  required,  this  case,  with  its  points,  is  placed  at  the  dis- 
tance of  about  one  foot  from  the  jets ;  and,  on  the  contrary,  when  a 
large  quantity  of  electricity  is  required,  the  case  is  brought  within  a  few 
inches  of  the  jets.  With  a  view  of  augmenting  the  development  of  the 
electricity,  the  inner  surfaces  of  the  jets  are  lined  with  wood,  forming  a 
bent  channel  for  the  passage  of  the  steam. 

In  this  machine,  we  may  rq^d  the  particles  of  water  as  serving  the 
purpose  of  the  glass  plate  of  a  common  electrical  machine ;  the  wooden 
lining  of  jets  as  tiie  rubber ;  and  the  steam  as  the  rubbing  power. 

The  dectridty  generated  by  this  engine  is  more  remarkable  for  its 
^normoas  quantity  than  for  its  high  intensity.  The  engine  erected  by 
Mr.  Armstrong,  at  the  Polytechnic  Institution,  gave  sparks  from  twelve 
to  fourteen  inches  in  length,  and  charged  a  battery,  containing  80  feet 
of  coated  glass,  in  ten  seconds.  The  dense  sparks,  which  pass  from  the 
boiler  to  any  large  ball  conductor,  follow  each  other  in  such  a  rapid 
saocessian,  as  to  give  to  them  somewhat  of  the  character  of  a  galvanic 


BLECTRICITT  DEVELOPED  BT  CONTACT. 

46.  When  two  different  metals  are  brought  into  contact,  dectricity  is 
developed ;  the  positive  fluid  being  attached  to  the  one  metal,  and  the  neg- 
ative fluid  to  the  other.  C  and  Z  are  two  plates  of  copper  and  zinc,  hav- 
ing the  insulating  handles  A  and  B.    liet  them  be  brought  in  contact,  and 
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then  separated,  taking  care  to  hold  them 
by  the  insulating  handles,  and  to  move 
them  towards  and  from  each  other,  bo 
that  no  friction  shall  take  place  in  form-  • 
ing  or  breaking  the  contact ;  then  the 
zinc  plate  will  be  charged  with  podtiye 
electricity,  and  the  copper  plate  with 
negative  electricity;  which  may  be 
proved  by  bringing  the  plates  in  con- 
tact with  the  connecting  plate  of  the 
condensing  electroscope.  (See  Fig.  64.) 
This  constitutes  the  fundamental  ex- 
periment of  voltaic  electricity. 


Fig.  100. 


Fig.  101. 


Deluc'g  Dry  Piles. 

On  this  principle  Deluc  constructed  his  electric  pile,  which  consisted 
of  a  series  of  disks  of  copper  and  zinc  paper,  laid  the  one  upon  the  other, 
with  their  paper  sides  together.  A  pQe  containing  about  1000  paiis^of 
these  disks  exhibits  a  decided  evidence  of  electrical  attraction  and  re- 
pulsion when  a  connection  is  formed  between  the  extreme  plates.  What 
is  remarkable  in  these  dry  piles  is,  that  they  will  remain  with  undimin- 
ished action  for  years,  without  being  at  all  interfered  with. 


■sr.c 
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Zamboni'g  Electrical  Perpetual  Motion. 

This  beautiful  piece  of  apparatus  is  formed  by  placing  two  of  Delnc't 
piles,  (Fig.  102,)  each  containing  about  1000  pairs  of  plates,  within 
about  two  inches  of  each  other,  so  that  their  unlike  poles  may  be  brought 
near  each  other  at  the  top  and  bottom.  The  upper 
extremities  of  the  piles  terminate  in  two  metal  knobs, 
Q  and  D,  and  the  lower  extrcxnitics  are  connected 
by  a  strip  of  copper,  so  that  while  one  knob  C  is  pos- 
itive, the  other  knob  D  is  negative.  P  B  is  a  light 
pendulum  rod  of  gum  lac,  turning  on  a  centre  at  A, 
and  its  upper  knob  B  playing  between  the  electrified 
knobs  C  and  D ;  the  knob  B  of  the  pendulum  is  al- 
ternately attracted  and  repelled  by  the  electrified 
knobe  C  and  D.  This  motion  will  often  contimie  for 
years  without  intermission. 

Fig.  102. 
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Bohnenherg*B  Electroscope. 

One  of  the  most  useful  applications  of  the  dry  pile  is  exhibited  in  the 
oomstruction  of  an  electroscope,  represented  in  Fig. 
103,  "which  is  not  only  the  most  sensitive  of  all  oth- 
exs,  but  has  the  additional  property  of  at  once  indi- 
cating the  peculiar  kind  of  electricity  of  the  body 
applied  to  it. 

This  instrument  consists  of  two  dry  piles  C  and 
X>,  placed  as  in  Zamboni's  perpetual  motion;  be- 
tween the  knobs  C  and  D,  a  single  gold  leaf  O  is 

mspended  in  the  same  manner  as  in  the  ordinary 

gold  leaf  electroscope.    The  moment  the  gold  leaf 

O  is  electrified  by  the  approach  of  any  electrified 

body  towards  A,  it  is  carried  either  towards  one 

knob  or  the  other,  according  to  the  nature  of  the 

eleclxicity  with  which  ^e  body  is  charged ;  that  is 

to  say,  if  the  electroscope  be  charged  with  positive 

electricity,  then  the  gold  leaf  O  will  be  attracted 

towazds  the  negative  knob  of  the  pile,  and  so  on. 


Fig.  103. 
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MAGNETISM- 


THE  MAGNETIC  POWER. 

1.  Substances  endowed  with  magnetism  attract  pieces  cf 
iron,  and  the  substances  possessing  this  property  are  odled 
magnets*  Magnetic  substances  possess  Tar{ous  other  remaik- 
able  properties,  which  shall  hereafler  be  described.  There 
are  two  kinds  of  magnets — natural  magnets  and  aztificiai 
magnets. 

Natural  Magnets^  or  loadstones,  are  iron  ores,  fonnd  at  al- 
most every  place  on  the  earth.  The  ancient  Greeks  were 
acquainted  with  the  attractive  property  of  the  natural  magnet, 
or  loadstone  ;  they  gave  the  name  of  magnet  to  this  mineral, 
probably  because  it  was  found  most  abundant  in  the  vicinity 
of  Magnesia,  a  city  of  Lydia,  in  Asia  Minor. 

Artificial  Magnets  are  generally  made  of  steel  bars ;  and 
the  way  in  which  the  magnetic  property  is  imparted  to  them 
will  shortly  be  described.  Artificial  magnets  are  named 
according  to  their  shape  ;  thus,  we  have  the  bar  magnet^  rep- 
resented in  Fig.  1,  and  the  horseshoe  magnet^  represented  in 


i^Z. 


Fig*  I  Fig.  2. 


Fig.  2.  When  several  bar  magnets  or  horseshoe  magnets 
are  combined,  the  whole  is  called  a  magnetic  battery^  or  a 
compound  magnet 

The  magnetic  power  of  a  magnetized  bar  chiefly  resides  in 
its  extremities,  which  are  called  the  magnetic  poles;  one 
being  called  the  north  pole  of  the  magnet,  and  the  other  the 
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MQtli  p<4e.  In  Older  to  dtsfinguish  tliese  poles  from  each 
other,  a  mark  is  usuallj  drawn  across  the  extremity  corre- 
sponding to  the  north  pole  of  the  magnet 

One  of  the  most  remarkaUe  properties  of  the  magnet  is, 
that  it  communicates  its*  properties  to  a  «teel  bar  or  aeedie 
that  is  rubbed  for  a  few  times,  in  the  same  direction,  across 
one  of  its  poles. 

IIAOKETIO   ATTBACTIOK. 

2.  Exp*  i.  Sprinkle  flome  inn  fiUngs  on  a  ntagneCic  rteel  bar ;  the 
iion  filings  will  be  attracted  to  the  eztxemities  or  polei  of  the  magnet, 
whilst  the  other  portSons  will  be  left  aeoily  boi«i»  ■■  ihown  in  Fig.  3. 


jF^.  3. 

When  the  steel  bar  exceeds  eight  or  ten  inches  in  length,  we  i<metime9 
find  two  other  pdes  besides  tfuMe  that  are  at  the  ends»  as  shown  in 
Fig.  4. 


JV.4. 

Exp.  2.  Attiaet  a  series  of  pieces  of  inm  wixe«  A  e  to  the  extremity 
N  of  the  nu^netic  bar  K  S,  as  shown  in  Fig.  5.  Hers  the 
wires,  while  they  are  in  eoimection  with  the  magnet  N  ft*  be- 
come a  series  of  little  BUgneti^  whose  lower  extrenutaes  are  afl 
north  poles ;  that  is,  of  the  aame  name  aa  ^le  pole  of  the  maf- 
net  to  which  they  are  attached* 

Exp.  3.  To  maynetiz$  «  |Miln|^.— B«di  the  knife,  fiv  ser- 
eral  times,  ^  M#  MMM  ll»»wMof^  that  ISi  from  haft  to  point,  across 
one  of  the  extremities,  or  poles,  of  a  magnet;  apply  the  point 
of.theknxTe  to  some  irrai  filings,  or  srnaU  pieces  of  iron  i  thef 
will  be  attracted  to  the  point  of  the  knife.  Fip.6. 

The  attraction  between  o  magnet  and  iron  is  reeiproeal. — 
Whilst  fhe  magnet  attracts  iroo,  the  iroa  also  attracts  the 
magnet 

24 
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Exp.  1.  Suspend  a  piece  of  iron  wire  by  a  thread,  ft>  that  the  irire 
may  hang  horizontally.  Bring  the  one  extremity  of  a  magnet  near  to 
one  end  of  the  wire ;  the  wire  will  be  attracted  by  the  magnet. 

Exp.  2.  Suspend  a  magnetized  needle  in  the  same  manner ;  faring  the 
extremity  of  the  iron  wire  near  to  either  pole  of  the  magnet ;  the  mag- 
net will  be  attracted  by  the  iron  wire. 

Magnetic  Attraction  transmitted  through  various  Bodies. 

Exp.  I.  Interpose  a  thin  screen  of  wood,  or  glass,  or  copper,  or  any 
substance  excepting  steel  and  iron,  between  the  magnet  and  the  iron 
wire  of  the  foregoing  experiments;  the  attraction  will  take  place  just  as 
if  there  were  no  substance  interposed. 

£271.  2.  Strew  some  iron  filings  on  a  sheet  of  white  paper ;  place  the 
pole  of  a  magnet  beneath  them ;  the  filings  will  appear  to  more  in 
whaterer  direction  the  magnet  is  moved. 

Exp.  3.  Interpose  an  iron  plate  between  a  magnet  and  an  iron  wire 
suspended  by  a  thread ;  the  magnet  will  have  little  or  no  effect  upon  the 
wire. 


Distribution  of  Magnetism  in  a  magnetized  Bar, 

The  inequality  of  this  distribution  may  be  readily  prored  by  the  fol- 
lowing ezpenments. 


•=XV\1\1^<:-.]1V.M 
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gay,  1.  Strew  mne  iron  filings  on  »  sheet  of  white  card  papor,  he* 
neatli.  ivhich  a  bar  magnet  has  been  placed  ;  occasionally  tap  the  paper 
to  facilitate  the  arrangement  of  the  filings.  The  beautiful  distribution 
of  tb.e  filings  (as  exhibited  in  Fig.  6)  around  the  bar,  shows  the  manner 
in  -wiiich  the  attractiYe  force  of  the  different  points  in  the  bar  vary — 
the  filings  are  most  accumulated  round  the  two  poles,  towards  which 
they  seem  to  converge  from  all  parts,  as  to  the  principal  centres  of  ao-. 
tion :  on  the  other  hand,  the  central  portion  of  the  bar  scarcely  attracts 
any  of  the  iron  ttings,  thereby  showing  that  the  centre  of  the  bar  is  a 
neutral  point ;  that  is  to  say,  it  does  not  possess  any  attractive  power. 
Tlie  curves  farmed  by  the  filings  are  known  by  the  name  of  the  mag- 
netic curves. 

This  experiment  furnishes  us  with  a  ready  method  of  detecting  the 

poles  of  a  natural  magnet. 

£xp,  2.  Take  a  magnetic  bar  N  S,  (Fig.  7,)  and  support  it  at  its  middle 

point  C ;  apply  at  any  number  of  equidistant  pdnts  a,  6,  c,  c',  6',  &c, 


.  .^  y-  ^-    LJ   '"  i  I' 

1^.7. 

a  sexies  of  pieces  of  soft  iron  wire;  then  it  will  be  found  that  the  num- 
ber of  pieces  of  wire  which  the  magnet  can  support  will  increase  as  we 
approach  the  extremities  or  poles  N  and  S. 

The  centre  C  of  the  bar  has  been  called  the  nmUrat  pointy 
or  point  of  magnetic  indifference^  and  the  poles  are  those  two 
points  where  the  greatest  attractive  force  is  found  to  reside, 
which  in  this  case  are  at  the  extremities.  The  term  pole  is 
sometimes  taken  to  mean  that  point  in  each  half  of  the  bar 
where  the  greatest  attractive  force  will  be  accumulated,  sup- 
posing the  magnet  to  be  acting  upon  a  piece  of  iron  or  steel 
placed  at  a  little  distance  from  it ;  in  this  case  the  poles  are, 
on  an  average,  at  the  distance  of  about  one  tenth  of  an  inch 
from  each  extremity. 
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MAGNETIC  POLARITY. 


BIRECTITB  FROPERTT  OP  THB  MAGNETIC  NEEDLE. 


j8.  a  magnetised  steel  needle,  svnpended  horizontallj  hj 
a  thread,  or  on  a  fine  point,  will  always  point  veiy  nearlj 
north  and  south.  This  is  called  the  directive  j)olaritj  of  the 
magneL  This  direction  is  so  constant,  that,  when  the  needle 
is  displaced,  it  returns  ezactlj  to  it,  after  a  ^w  Tibrations. 
Moreover,  the  same  aztremity  of  the  needle  always  points  to 
the  n<M!th,  and  the  same  extremity  to  the  south ;  so  that  if  the 
needle  be  turned  half  way  round,  it  wiU  not  rest  until  it  has 
resumed  its  original  position.  The  extremity  which  points 
towards  the  north  is  called  the  north  pole  of  the  magnet,  and 
that  which  points  towards  the  south,  the  south  pole  of  the 
magnet.  This  remarkaUe  property  has  been  of  great,  use  to 
navigators. 

Magnetic  needles  are  usually  coi^   ^"^  ^1,^01 

Btructed  after  the  form  shown  in 
Fig.  8 ;  where  the  needle  turns  up- 
on a  vertical  point,  which  enters  the 
conical  cap  screwed  into  the  oentie 
of  the  needle. 

The  direction  in  which  the 
needle  points  has  been  caUed 
the  line  of  the  magnetic  merid-^ 
tan.  This  line  does  not  ex- 
actly coincide  with  the  direc- 
tion of  the  geographical  me- 
ridian, as  we  shall  hereafter 
more  fully  explain.  At  Lon- 
don, the  needle  at  present  points  about  24P  west  of  the  true 
north.  This  is  caUed  the  magnetic  varicOionj  or  magnetic 
declination.  This  declination  is  not  the  same  for  all  places 
on  the  earthy  and  it  is  continually  changing  for  all  places  on 
the  earth* 


>*B 
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£gi.  1.  Magnetize  a  small  sewing  needle ;  place  the  needle  on  some 
water,  so  as  to  make  it  float :  after  a  little  time  the  needle  will  settle 
itself,  and  will  point  in  the  direction  of  north  and  south.  If  the  needle 
be  shifted  from  this  position,  it  will  return  to  the  same  position  again 
when  left  to  itself.  This  experiment  may  also  be  readily  perfionned  in 
the  following  manner :  — 

Eapp,  2.  Take  a  strip  of  card  paper      -a  J -w    b 

A  B ;  suspend  it  upon  the  point  8  of  «4— — •— >-8  ^^>v 

a  pin  passed  through  a  cork ;  phice    '  i 

the  magnetized  needle  N  S  upon  one 
side  of  the  strip  of  card  paper;  re- 
store the  balance  by  placing  some 
small  weight  W  upon  the  opposite  Fig.  9. 

side  of  the  card;  then  the  card  will 
turn  round  until  it  points  north  and  south,  as  befioie  described. 

With  any  of  these  needles  the  following  experiments  may  be  per- 
formed, (excepting  the  cases  specified.) 

4  Iron  or  steel  attracts  bofb  poles  of  the  needle. 

Exp.  3.  Hold  a  bit  of  iron  near  either  of  the  poles  of  the  needle ;  the 
needle  will  follow  the-iron ;  hy  moving  ^he  iron  round,  the  needle  will 
revolye  on  its  centre  in  the  same  direction. 

Exp.  4.  By  holding  a  bit  of  iron  near  to  the  sewing  needle  of  Exp.  1, 
it  may  be  made  to  float  about  in  any  direction. 

Exp.  6.  The  magnetic  Btoan. — This  philosophical  toy  consists  of  a 
piece  of  thin  sheet  iron,  made  into  the  shiq^ie  of  a  swan,  so  as  to  float 
upon  water. 

When  the  point  of  a  magnet  is  presented  to  the  swan,  it  appears  to 
swim  towards  the  point* 

5.  The  like  poles  of  magnets  repel  one  another,  and  the 
unlike  poles  attract.  This  laW  of  magnetism  is  exactly  anal- 
ogous to  the  law  of  attraction  and  repulsion  of  the  two  kinds 
of  electricity. 

In  order  to  distinguish  these  opposite  influences,  the  mag- 
netic principle  of  the  north  pole  is  called  positive  magfietismy 
or  -f-y  and  that  of  the  south  pole,  negative  magnetism^  or  — . 

Exp.  6.  &ring  the  north  pole  of  a  magnet  near  to  the  south  pole  of 
the  needle,  and  it  will  be  attracted.  Bring  the  north  pole  of  a  magnet 
near  to  the  north  pole  of  the  needle,  and  it  will  be  repeOed ;  and  so  on. 

This  always  enables  us  very  readily  to  ascertain  the  particular  poles 
2d* 
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of  a  magnet,  or  to  determine  whether  or  not  a  metal  bar  pOBBeBsee  mag- 
nctinn  ;  for  the  extremity  of  the  bar  which  attracta  the  north  pole  of  a 
needle  will  be  the  aouth  pole  of  the  bar,  and  the  other  extremitj  will  be 
the  north  pole. 

Expm  7.  Hang  a  email  key  to  the  north  pole  of  a  magnet ;  present  the 
south  pole  of  another  magnet  to  the  upper  extremity  of  the  key :  the 
key  will  instantly  falL  Here  the  two  diiEerent  kinds  of  ma^etism  neu- 
tralize each  other's  effects. 

Exp,  8.  Immerse  the  like  poles  of  two  magnets  into  some  iron  filings ; 
bring  the  two  poles  together,  and  the  filings  will  fUL  But  if  the  poifls 
are  unlike,  the  filings  will  more  towardi  each  other. 

Exp.  9.  Balance  a  bar  magnet  upon  a  common  pair  of  acaks ;  faring 
the  pole  of  another  magnet  immediately  beneath  one  of  the  poles  of  the 
magnet  placed  on  the  scale ;  then,  when  the  pedes,  thus  2aougfat  near  to 
each  other,  are  of  the  same  kind,  the  scale  will  ascend  finm  the  vepulmi 
of  the  magnets ;  and,  on  the  contrary,  the  scale  will  desoeod  when  the 
poles  are  of  different  kinds. 

6.  If  a  magnet  be  broken^  each  part  becomes  a  perfect 
magnet* 

Exp.  10.  Break  a  magnetized  knitUng  needle ;  test  the  polarity  of 
each  end  of  the  pieces;  the  poles  of  the  two  magnets  will  lie  in  the  same 
direction  as  the  poles  of  the  original  magnet. 


THEORT  OP  MAONSTIStf. 

7.  The  theory  of  magnetism  is  exactly  analogous  to  the 
theory  of  electricity:  The  magnetic  fluid,  in  its  quiescent 
state,  is  supposed  to  consist  of  two  distinct  fluids  —  the  one 
being  the  north  or  positwe  magnetitm^  the  other  the  $auth  or 
negative  magnetiim.  When  these  two  fluids  are  combined, 
ihey  form  the  magnetic  fluid  as  it  exists  in  non*magnetized 
substances,  or  substances  in  a  neutral  state.  The  pardoles  of 
the  same  kind  of  magnetism  repel  each  other ;  but  the  parti- 
cles of  opposite  kinds  of  magnetism  attract  each  other.  When 
the  two  fluids  exist  in  a  body  so  as  to  neutralize  each  other, 
then  the  body  exhibit^  nq  magnetism ;  but  if  this  state  of 
equilibrium  be  disturbed  by  any  causCi  then  the  magnetic 
state  is  indueed*  * 
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Hg.  10  ghci  a  Yiflible  lepreBeatatiaii  of  this  supposed  distzibatiQn  of 
the  psrtifllfti  4>f  the  two  magnrtic  fluids  in  the  body  of  a  magnetic  bar. 


II   II  -II   II   It   II  tl  II  II  II   IIJI 

JiTil'i^iri!  iiri!liijiliilii-ir 

tl  II  ii  ii'iini  II  11  II  II  11  ir 


II  II  II  II  II  II  Iff  ii  II  I 


Fig.  10. 

Here  we  suppose  the  light  squares  to  represent  the  particles  of  the  posi- 
tive fluid,  and  the  dark  squares  the  particles  of  the  negative  fluid.  As 
the  particles  of  the  two  fluids  are  separated  from  one  another,  they  must 
arrange  themselves  according  to  the  law  of  attraction  and  repulsion 
assumed  in  the  theory ;  that  is  to  say,  a  positiTe  and  a  negative  particle 
must  always  be  contiguous  to  eadi  other.  From  this  it  follows  that  the 
extremity  N  will  be  a  north  pole,  and  S  a  south  pole. 

Thia  theory  readily  enables  us  to  explain  all  the  phenomena 
of  magnetism.     Let  us  take  a  few  examples :  — 

When  the  extremity  of  a  bar  of  sofb  iron  is  placed  in 
contact  with  the  north  pole  of  a  magnet,  the  opposite  extrem- 
ity of  the  bar  abo  exhibits  north  or  positive  magnetism ;  this 
takes  place  in  consequence  of  the  repulsion  of  the  positive 
fluid  from,  and  the  attraction  of  the  negative  fluid  to,  the  north 
pde  of  the  magnet. 

When  a  magnetic  needle  is  broken,  it  is  obvious  that  the 
arrangement  of  the  partides  of  the  two  fluids  must  remain 
unchanged ;  that  is  to  saj,  the  poles  in  the  two  magnets  must 
lie  in  the  same  direction  as  the  poles  of  the  original  magnet. 

When  the  north  pole  of  a  magnet  attracts  a  piece  of 
iron  wire,  the  extremity  of  the  wire  next  to  the  north  or  pos- 
itive pole  of  the  magnet  becomes  a  south  or  negative  pole, 
owing  to  the  repellent  action  exerted  on  the  positive  fluid,  and 
the  attractive  action  on  the  negative  fluid  of  the  wire,  by  the 
positive  fluid  of  the  magnetic  bar ;  hence  the  magnet  attracts 
the  wire  according  to  the  law  that  bodies  magnetized  with 
diflerent  fluids  attract  each  other.  This  also  explains  the 
great  law  of  magnetic  induction,  which  we  shall  shortly  con* 
sider. 
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The  like  poles  of  two  magnets  repel  each  other  bj  vir- 
tue of  the  matual  repulsion  subsisting  between  the  particles 
of  the  same  kind  of  magnetic  fluid ;  and  the  unlike  poles  of 
two  magnets  attract  each  other,  in  consequence  of  the  mutual 
attraction  subsisting  between  the  particles  of  the  two  different 
kinds  of  the  magnetic  fluid. 

The  north  pole  of  the  needle  is  directed  towards  the 
north  pole  of  the  earth,  because  the.  earth  itself  is  a  great 
magnet,  having  its  negative  magnetic  pole  lying  towards  its 
north  geographical  pole,  and  ita  positive  magnetic  pole  lying 
towards  its  south  geographical  pole. 

The  dip  of  the  magnetic  needle-  may  be  readily  explained 
by  considering  the  dipping  direction  of  the  needle  to  be  the 
direction  of  the  resultant  of  the  magnetic  forces  residing  in 
the  earth,  which  act  upon  the  needle.  But  this  subject  will 
be  hereafter  more  fully  explained. 

8.  The  attractive  force  of  magnets  decreases  with  the 
distance. 

JB9.  11.  Place  the  south  pole  of  a  magnet  at  a  distance  from  the 
north  pole  of  the  needle,  and  a  little  to  the  right  or  left  of  it :  then  the 
needle  will  be  deflected  a  little  from  its  north  and  south  direction ;  now 
bring  the  magnet  a  little  nearer  to  the  needle,  and  its  deflection  will  be 
increased,  and  so  on —  thereby  showing  that  the  attractive  force  of  the 
magnet  increases  as  we  decrease  the  distance. 

It  will  also  be  observed  that  the  needle  vibrates  more  and  more  rapidly 
as  the  magnetic  bar  is  brought  more  clbsely  to  it.  Now,  the  rapidity  of 
these  vibrations  obviously  depends  upon  the  amount  of  the  magnetic 
force. 

The  law  |f  the  attractive  force  of  a  magnet,  with  respect 
to  distance,  is  the  same  'as  the  law  of  gravitation ;  that  is  to 
say,  the  attractive  fotce  of  a  magnet  varies  inversely  as  the 
squares  of  the  distance. 
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MAGNETIC  INDUCTION  AND  CONDUCTION. 

9.  When  a  wire  of  sofl  iron  is  placed  in  contact  with  the 
pole  of  a  magnet,  it  becomes,  as  it  were,  a  part  of  the  magnet 
itself;  for  every  portion  of  the  wire  has  the  same  polarity  as 
the  extremity  of  the  mallet  with  which  it  is  in  contact.  This 
may  be  called  magnetic  conduction.  But  if  the  contact  be 
ever  so  slightly  broken,  the  wire  becomes  a  complete  magnet 
having  two  poles ;  and  this  takes  place  in  consequence  of  the 
operation  of  another  principle,  —  that  of  induction,  —  which 
now  claims  our  attention.  When  the  sofl  iron  wire  has  been 
entirely  removed  from  the  magnet,  after  a  short  time  it  no 
longer  possesses  any  magnetic  properties ;  it,  in  fact,  was  only 
decidedly  magnetic  while  it  was  in  contact  with  or  very  near 
to  the  magnetized  bar.  Sofl  iron  receives  the  magnetic  influ- 
ence most  easily ;  but  it  also  parts  with  it  most  easily,  when 
taken  away  from  the  magnet.  Steel  and  cast  iroq  are  not  so 
easily  magnetized ;  but  when  the  magnetic  property  is  once 
imparted  to  them,  they  retain  it  for  years,  unless  they  are 
subject  to  some  counteracting  influence. 

Magnetic  induction  is  that  influence  which  a  magnet  exerts 
upon  substances  at  a  distance  from  it. 

Let  N  S  be  a  magnetic  bar,  N  being  its  north  pole,  and  S  its  south 
pole ;  n  «  a  soft  iron  bar,  having  its  extremity  s  placed  near  to  the  ex- 
tremity N  of  the  magnet ;  then  the  soft  iron  bar  n  a  will  be  a  perfiBct 
magnet  so  long  as  the  pde  of  the  magnet  N  S  is  near  to  its  extremity  a; 


Fig.  11. 

the  extremity  n,  in  £u:t,  will  be  its  north  pole,  and  $  its  south  pole.  To 
render  the  magnetic  induction  apparent,  a  small  key  may  be  suspended 
from  the  extremity  n.  The  nearer  the  bar  N  S  is  brought  to  the  bar  «  n, 
the  more  powerful  will  be  the  magnetism  induced  in  it.    Lft  the  magnet 
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N  S  be  taken  away ;  then,  after  a  short  time,  the  little  key  k  will  fall  off 
the  bar  s  n,  and  it  win  soon  kae  all  traceB  of  magnetism. 

Here  the  positiYe  fluid  at  N  repels  the  positive  fluid  from  the  extremity 
«,  and  at  the  same  time  attracts  the  negatiTe  fluid ;  henoe  the  equilibrium 
of  the  two  fluids  in  the  soft  iron  n$  is  disturbed*  the  extremity  «  being 
in  a  negative  magnetic  state,  and  the  extxemity  »  in  a  positive  roagnecie 
state ;  or,  in  other  words,  a  becomes  a  south^nagnetic  pole,  and  n  a  nortli 
magnetic  pole. 

Bring  the  south  pole  of  a  bar  near  to  n  :  then  the  magnetic  induction 
will  be  doubled ;  the  lower  extremity  of  the  little  key  k  will  rise  towards 
this  south  pole ;  and  a  much  heavier  key  may  be  supported  by  the  ex- 
tremity n.  Now  bring  the  north  pole  of  a  bar  near  to  n :  then  the  key 
k  M-iH  instantly  drop  off;  in  tliis  case,  the  two  poles^'  being  of  the  same 
kind,  counteract  each  other's  influence. 

A  series  of  soft  iron  ban  may  be  magnetized  in  the  same  manner. 
Thus,  let  A  be  a  strong  magnetic  bar;  B,  C,  and  D  a  series  of  soft  iron 


bars  placed  near  each  other,  as  shown  in  fig.  12  :  then  all.these  soft  iron 
bars,  from  the  action  of  induction,  will  become  perfect  magnets,  having 
their  poles  as  indicated  by  the  letters  of  the  figure. 

The  law  of  magnetic  induction  is  exactly  analogous  to  the 
law  of  electrical  induction. 

The  following  simple  experiments  will  render  ihe  law  of  magnetic 
induction  and  conduction  more  apparent. 

MAGNETISM   BY   CONTACT. 

10.  Exp.  1.  Place  a  long  piece  of  soft  iron  vrire  in  contact  with  the 
north  pole  of  a  powerful-  magnet ;  test  the  magnetism  of  the  wire  by 
means  of  a  magnetic  needle ;  the  south  pole  of  the  needle  will  be  every 
where  attracted  by  the  wire,  thereby  showing  that  the  wire  possesses 
north  polar  magnetism. 

Exp,  2.  Cut  some  short  pieces  of  iron  wire ;  present  the  end  of  one 
of  them  to  the  pole  of  a  strong  magnet :  it  will  be  immediately  attract- 
ed ;  the  free  end  of  this  wire  will  now  attract  a  second  wire,  and  this  in 
its  turn  will  attract  a  third  yfire,  and  so  on.    All  these  wires  become 
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little  tempMuy  mtagmtiB,  owing  to  their  ooanection  with  the  pole  of  the 
magnetic  bor.  In  like  manner  the  phenomena  of  the  iron  filings  adher- 
ing to  the  pole  of  a  magnet  may  be  explained:  each, filing,  thus  soa- 
pendedf  ia  oonyerted  into  a  little  magnet. 

MAONETI9X  BT  INDUCTION. 

11.  Ezp.  1.  Place  the  extremity  of  a  long  iron  wire  oppeatte  to  the 
north  pole  of  a  magnetic  needle ;  bring  the  north  pole  of  a  magnetic  bar 
near  to  the  opposite  extremity  of  this  wire :  the  needle  will  be  instantly 
repelled. 

Exp,  2.  Suspend  two  pieces  of  soft  iron  by  a  thread,  as  shown  in  Fig. 
18 ;  bring  the  north  pole  of  a  magnet  close  to  the  lower  extremities  of 
the  wires :  the  wires  will  repel  eadi  other,  after  the  manner  shown  in 
the  figure. 


5) 
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Fig.  13. 


Fiff.  14. 


JSup.  3.  Hold  a  large  key  near  the  pole  of  a  powerful  magnet :  then, 
as  the  key  becomes  a  magnet  by  induction,  it  will  carry  two  small  keys, 
one  at  its  lower  extremity,  and  the  other  at  its  upper  extremity,  as  shown 
in  Fig.  14. 

THB  DIP   OP  THE  MAGNETIC  NEEDLE. 

12.  Besides  the  dtrectiYe  property,  the  magnetic  needle, 
^hen  'freely  suspended,  has  another  remarkable  property, 
called  its  ibjp,  whereby  its  north  pole  dips  towards  the  north 
pole  of  the  earth  in  our  hemisphere,  and  its  south  pole  towards 
the  south  pole  of  the  earth  in  the  southern  hemisphere. 


288 


HATURiX  AVD  KZPERIMEHTAI,  PHILOSOraT. 


At  present,  the  magnetic  dip  at  London  is  about  67^. 
This  property  may  be  readilj  verified  in  the  foDowing 
manner:  — 

ExperiwienL  Tfanift  a  knittiiig  needk  n  «  tlmmgh  a  eak  c,  m  Aawn 
in  Fig.  16 ;  at  light  ang^  to  thk  needle  tfamt  a  fine  Kiring  needle 
tbroagh  the  oork,  which  will  fcnn  the  axis  of  the  needle  »  «;  attach  aa 
untwisted  thread  adbto  the  axii»  and  siupend  the  whale  bj  the  extrem- 
ity of  the  thread,  taking  care  to  thrust  n  •  either  one  way  or  the  other, 
until  it  is  suspended  in  a  perinitly  hoiiaontal  porition.  Now  magnctin 
the  needle  n  «,  which  ma  j  readily  be  done  by  simply  keeping  it  fcr  a 
short  time  across  the  two  poles  of  a  hossedioe  magnrt.  Again  suspend 
the  needle,  and  it  will  be  fcund  that  its  north  pole  will  di^  towards  the 
north.  Care  must  be  taken,  in  magnrtiiing  the  needle^  not  to  distoib 
thei 


/ 


Pig.lb. 


F^.  16. 


lliis  ezperimoit  may  be  performed  with  more  precision  by  pladng-the 
axis  a  a  between  two  upright  supports  a  6,  a  6,  as  shown  in  Fig.  16. 
The  best  supports  ftr  the  axis  are  the  edges  of  two  wine  glasses. 

The  angle  which  the  dipping  needle  makes  with  the  hori* 
zon  at  any  place  is  called  the  angle  of  the  needU^e  dip  at  that 
particular  pkce.  This  angle  is  not  the  same  fi>r  all  places. 
At  places  in  the  northern  hemisphere,  the  north  pole  of  the 
needle  is  depressed ;  and  at  places  in  the  southern  hemisphere, 
the  south  pole  of  the  needle  is  depressed.  At  places  hear  to 
the  equator,  the  needle  has  no  dip  —  that  is  to  say,  it  hangs 
horizontally. 
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Instruments  constructed  for  the  purpose  of  exactly  observing  the  dip 
have  a  yertical  graduated  circle  connected  with  them,  and  also  a  scre^ 
adjustment  for  placing  the  axis  exactly  horizontal,  as  shown  in  Fig.  17. 


Fig.  17. 


Fig.  18  represents  a  simple  fbrm  of  magnetic  apparatus  fat  showing 
the  direction  of  the  needle,  as  well  as  its  dip.  By  this  contriyance,  the 
needle  n  »  has  a  twofold  free  motion,  viz.,  a  free  motion  with  respect  to 
its  directive  property,  and  a  free  motion,  on  its  horizontal  axis  //,  with 
respect  to  the  angle  of  its  dip.  abed  is  a  light  frame  suspended  by  an 
imtwiBted  thread;  the  horizontal  axis  //of  the  needle  turns  freely  in 
the  sides  a  h  and  dcot  the  frame.  A  needle,  thus  suspended,  will  settle 
itself  in  the  plane  of  the  magnetic  meridian,  and  will  also  assume  the 
true  angle  of  the  dip. 

The  subject  of  magnetic  variations,  &c,  will  be  more  fully  explained 
in  connection  with  that  of  terrestrial  magnetism. 
25 
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I. 


TO  MAGNETIZE  STEEL  BARS,  &c. 

to   MAGNETIZE   A  NEEDLE   WITHOUT  UftlNO  AS 
ARTIFICIAL   MAGNET. 


13.  Fix  the  needle,  against  the  edge 
of  a  tables  in  the  magnetic  meridian  — 
that  is,  nearl J  north  and  south ;  hold 
a  long  poker  above  the  needle,  and 
another  one  below  it,  as  shown  in  Fig. 
19 ;  then  move  the  pokers  in  contrary 
directions  until  they  oome  to  the  posi- 
tions shown  in  Fig.  20;  rq)eat  this 
operation  for  several  times,  always  ob- 
serving, at  every  successive  operation, 
to  move  the  pokers  in  the  same  man- 
ner, and  the  needle  will  be  magnet- 
ized. Here  the  pokers,  being  held  in 
the  direction  of  the  magnetic  dip,  real- 
ly become  magnets.  (See  the  subject 
of  Terrestrial  Magnetism.) 


I 
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Fiff.  19. 


Fig.  20. 
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II.  TO  MAGNETIZE  STEEL  BARS,  ftc,  BT  MAGNETS. 

U.  There  have  been  various  processes  devised  for  magnetizing  ttod 
bars.    The  following  are  amongst  the  most  simple  and  eflficient :  — . 

Most  easy  Methods  of  magnetizing  a  smaU  Needh. 

Exp.  1.  Bring  the  pointed  extremity  of  a  sewing  needle  in  contact 
with  the  south  pole  of  a  magnet ;  let  the  needle  remain  in  contact  for  4 
few  minutes ;  on  separating  them,  you  will  find  that  the  pointed  ex- 
tremity has  become  a  north  pole,  and  the  other  a  south  pole. 

Here  it  wiU  be  observed  that  the  end  of  the  needle  in  contact  with  the 
pole  of  the  magnet  acquires  an  opposite  or  dissimilar  magnetism  to  that 
of  the  pole.  The  equilibriiun  of  the  two  magnetic  fluids  in  the  needle 
is  dbturbttl  by  the  pole  of  the  magnet  at  the  point  of  the  needle,  the 
dissimibr  magnetic  fluid  is  attracted  by  the  pole,  and  the  similar  fluid 
is  n-pdlcd. 

Ezp.  2.  Rub  one  end  of  the  needle,  in  the  same  direction,  across  the 
norib  pok  of  the  magnetic  bar,  and  then  rub  the  other  extremity  of  the 
needle  acniv  the  south  pole  of  the  bar :  then  the  former  extremity  of 


south  xnagnetic  pde. 

ffjy,  3«  Place  the  needle  acrosi  the  two  poles  of  a  honeBhoe  magnet ; 
let  it  remain  then  for  tome  time ;  on  xemoTing  it,  you  will  find  that  the 
extremity  in  eontact  with  the  north  pole  of  the  magnet  has  become  a 
louth  pole,  and  the  other  a  north  pole. 

Exp.  4.  Place  the  middle  of  a  needle  on  the  north  pole  of  a  magnet; 
on  separating  them,  you  will  find  that  the  middle  of  the  needle  is  a 
south  pole,  and  that  its  extremitieB  arc  north  poles.  This  will  form  a 
pretty  good  astatic  needle.' 

Exp,  6.  With  the  pole  of  a  good  magnet,  draw  any  figure  tipon  tisa 
surfiioe  of  a  clear  steel  plate ;  sprinkle  iron  filings  upon  it :  the  filings 
iRin  remain  suspended  at  all  those  points  whidi  the  pole  of  the  magnet 
has  touched. 

Ea^.  6.  Place  one  pole  of  a  magnet  in  the  middle  of  the  Bted  bar ; 
draw  the  magnet  along  to  tiie  end  of  the  bar;  return  the  magnet» 
through  the  air,  to  the  middle  of  the  bar,  and  repeat  the  stroke  in  the 
same  direction ;  repeat  this  operation  for  several  times.  Kezt  place  tiift 
other  pole  of  the  magnet  in  the  middle  of  the  steel  bar,  and  proceed  as 
befiore,  observing  that.  In  this  case,  the  magnet  jnust  be  drawn  to  the 
opposite  ejctremity  of  the  steel  bar. 

HusprocQH  has  been  called  the  method  of  tingle  ioueh* 

7%4  Method  of  DaMe  Tbuth. 

15.  This  process  oonsiBts  in  touching  the  steel  bar  which  we  wish  to 
magnetize  yrUCb.  both  poles  of  the  magnet  at  the  same  time.  This  method 
is  always  employed  when  large  steel  bars  are  to  be  magnetized. 

Fasten  two  bar  magnets  together,  so  that  their  diiwimilar  polei  may  be 
about  one  eighth  of  an  inch  asunder;  this  will  be  most  readily  effected 
by  inserting  a  piece  of  card  paper  between  them,  and  tying  than  with  a 
piece  of  cord.  Place  this  double  magnet  vertically  upon  the  middle  of 
the  steel  bar ;  draw  the  magnet  to  the  end  of  the  bar;  return  the  mag- 
net, through  the  nr,  to  the  other  end  of  the  bar ;  draw  the  magnet,  as 
before,  to  the  opposite  end  ;  repeat  this  process  for  several  times,  taking 
eare  to  keep  the  pola  of  the  compound  magnet  always  in  the  same  rda*- 
tite  podition,  and  to  stop  the  jsocess  when  the  magnet  has  arrived  at  the 
nddfie  of  the  bar.  The  operation  should  be  perftnned  on  both  sides 
of  the  bar. 

A  honeshoe  magnet,  having  its  poles  near  together,  will  aniwer  the 
same  purposes  as  the  double  magnet  just  deseribed. 

Tl^  method  may  be  employed  to  magnetiM  two  or  more  bm  st  the 
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PUbe  two  ited  ban,  K  8,  N  S,  of  the  lame  sise,  panOkl  to  each 


«        Fig.  21. 

other,  and  connect  their  extremitieB  with  two  pieces  of  adt  iron,  A  and 
B.    (SeeRg.  21.) 

Place  the  pole  of  the  doable  magnet  on  the  middle  of  one  of  the  ated 
ban,  and  moye  it  completely  round  the  frame,  constantly  keeping  the 
polea  of  the  double  magnet  in  the  same  direction ;  when  you  have  com- 
pleted about  a  dozen  revolutions,  turn  the  plates  and  proceed  as  beforau 
The  poles  of  the  steel  ban  will  haTO  a  rerene  position  to  the  poles  of  the 
double  magnet. 

To  magnetize  Barseshoe  Bars. 

Fig.  22  shows  the  method  ^ifmagnetiaing  one  honeshoe  bar  X.  Place 
a  piece  of  soft  iron  K,  called  a  keeper,  acroas  the  extremities  of  the  hocBe- 
ahoe;  place  a  honeshoe  magnet  M,  whose  legs  are  at  the  same  distance 
apart  as  those  of  the  bar  N,  with  its  poles  peipendicolar  to  the  keeper  K ; 
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draw  the  magnet  towards  the  bent  part  of  the  horseshoe ;  when  it  haa 
arrived  there,  hit  it  off,  and  bring  it  back  to  its  fint  position ;  repeat  the 
operation  for  about  a  dozen  times ;  then  turn  the  honeshoe  bar,  with  its 
keeper  still  on,  and  repeat  the  operation  as  before ;  and  so  on. 

The  polarity  of  each  leg  of  the  horseshoe  bar  will  be  similar  to  that 
of  the  leg  of  the  magnet  first  placed  in  contact  with  it. 

Fig.  23  shows  the  method  of  magnetizing  two  honeshoe  ban  at  tiie 
same  time.    The  ban  are  placed  with  their  extremitieB  in  oontaot ;  and 
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the  hoaneshoe  magnet  M  is  moyed  from  the  curved  pert  of  one  t>ar  to 
the  curved  part  of  the  other,  constantly  in  the  same  direction. 

The  following  is  also  a  convenient  and  efficient  mode  of  arrangement 
(see  Fig.  24)  lor  magnetizing  bars. 


(s 
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Fig.  2^. 

M  M  is  the  horseshoe  magnet,  placed  with  its  poles  against  the  ex- 
tremities of  the  horseshoe  bar  to  be  magnetized ;  A  is  a  soft  ircn  keeper 
extending  between  the  legs  of  the  horseshoes ;  this  keeper,  or  feeder,  is 
drawn  in  the  same  way  as  the  magnet  represented  in  Fig.  23. 

In  the  same  manner,  straight  bars  may  be  magnetized. 

In  Fig.  25,  M  M  represents  the  magnet,  A  the  feeder,  B  B  the  two 
bars  to  be  magnetized,  and  K  their  keeper. 


Fiff,  25. 

When  magnetic  bars  are  not  in  use,  they  should  always  be  put  away 
with  their  keepers  upon  them;  this  not  merely 
preserves  their  magnetism,  but  also  tends  to  in- 
crease it. 

A  compound  horseshoe  consists  of  a  number  of 
horseshoe  magnets  bound  together  by  screws,  and 
connected  at  thefa:  poles  by  means  of  a  keeper,  as 
shown  in  Hg.  26. 

Fig.  ^  represents  a  lotVf  bars  bound  together 
in  the  same  manner.  Fig.  26.       Fig,  27. 


On  the  best  Quality  of  Sud  for  making  Magnets. 

16.  The  steel  best  suited  for  artificial  magnets  is  of  a  fine 
grain,  of  uniform  structure  throughout,  and  free  from  flaws. 
A  principal  requisite  is,  that  it  should  possess  a  proper  degree 
of  hardness,  and  that  it  should  be  equally  hardened,  through* 
out  the  entire  mass ;  for  if  too  hard,  it  is  extremely  difficult 
25* 
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to  imiwrt  to  it  ny  magnetie  Tiitae ;  aad  if  «oo  mA»  it  ] 
iljkMes  itwhengireo.  It  baa  been  femd  so 
to  make  the  steel  in  the  first  instance  brittle^  like  giasBy  and 
then  to  heat  it  a  second  time,  till  it  becomes  of  a  straw  or  tio- 
let  color. 

The  capacity  and'  tenacity  of  ardfidal  magnets  are  also 
affected  bj  their  form  and  dimensioBs.  It  has  been  ascer- 
tained that  the  breadth  of  a  bar  magnet  should  be  aboat  one 
twentieth  of  its  length,  and  its  thickness  from  one  fourth  to 
one  third  of  its  breadth.  In  a  horseshoe  magnet,  the  space 
between  the  two  poles  ooght  not  to  be  greater  than  the  thidk- 
ness  of  the  bar  of  which  the  magnet  coosista.  LasClj,  i^  is 
necessary  that  both  bar  and  horseshoe  magnets  be  well  pol« 
ished|  and  that  their  ihces  be  as  level  as  poenble. 

Magnetism  is  readily  excited  in  soft  Inm  Bars, 

17.  A  bar  of  soft  iron,  placed  in  the  direction  of  the  mag 
netic  dip,  becomes  magnetic  from  the  indnctiye  inflaence  ol 
the  earth  acting  like  a  magnet  npon  the  bar.  A  few  blowi 
applied  at  one  extremity  of  the  bar,  thereby  causing  its  par/ 
tides  to  vibrate,  will  generally  aid  the  inductive  influence  of 
the  earth. 

A  bar  of  iron  heated  to  redness,  and  allowed  to  cool  afie^ 
being  placed  in  the  direction  of  the  magnetic  dip^  wUl  aeqaii^ 
a  certain  degree  of  magnetism.  Hence  pokers  and  irdn  raila, 
which  have  been  kept  for  a  long  time  standing  in  a  somewluur 
vertical  position,  are  generaUy  found  to  possess  a  low  degree 
of  magnetism. 

A  piece  of  iron  wire  may  be  rendered  magnetic  by  twisting 
it  until  It  breaks;  and,  in  like  manner,  files  and  gimlets, 
after  having  been  some  dme  in  use,  become  00  mndi  magnet- 
ized as  to  attract  iron  filings. 

Voltaic  electricity  is  the  most  powerful  means  of  renderiiC^ 
bodies  magnetic 
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JRyarimtn*.  Allow  u  magnedo  needLi 
K  6  to  ttKome  its  north  and  eouth  dirge- 
tian;  take  a  noii-xiiagnetized  poker»  and 
hold  it  in  a  horizontal  position  and  at  right 
angles  to  the  direction  of  the  nepdle»  so  as 
to  bring  one  of  Us  eztremitieB,  say  its  lower 
cstremity,  near  to  the  north  pole  of  the 
needle;  the  needle  irill«  of  course^  be  at- 
tracted, if  the  poker  is  not  magnetic ;  now 
hold  the  poker  in  the  direction  of  the  mag* 
netie  dip,  as  shown  in  Fig.  28,  and  the 
north  pole  N  will  be  repelled  —  thereby 
showing  that  the  lower  extremity  n  of  the 
poker  is  a  north  magnetic  pole.  The  ef- 
fect will  be  increased  by  striking  the  head  s  of  the  poker  with  a 
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TERRESTRIAL  MAGNETISM. 

18.  In  order  to  account  for  the  directive  and  dipping  pnqn 
erties  of  the  needle,  it  has  been  stated  that  we  must  regard 
the  earth  as  a  great  magnet,  having  a  negative  magnetic  pole 
lying  towards  the  north  geographical  pole,  and  a  positive  mag- 
netic pole  lying  somewhere  towards  the  south  geographical 
pole.  The  following  experiment  is  highl}^  calculated  to  iUuift- 
trate  this  theory. 

Experiment.  Place  a  magnetic  needle  (see  Figs.  29  and  80)  n  •  ever 
Cho middle  part  A  of  a  magnetic  bar  N  S;  in  this  poaitioa  tins  nsttdli  is 
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Fig,  29. 
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exactly  horisontiil,  and  the  south  pole  of  the  needle  is  directed  to  tfaa 
north  poleof  the  magnet,  and  the  north  pole  of  the  needle  to  the  south 
pole  of  the  magnet.  Thus  we  can  assign  a  cause  for  the  directiTe  prop- 
erty of  the  needle.  Now  slowly  move  the  needle  along  the  bar  ftom 
A  to  S ;  at  the  position  B  the  north  pole  of  the  needle  dips  towards  the 
south  pole  of  the  magnet ;  at  the  position  C,  the  north  pole  of  the  nee- 
dle dips  still  more  towards  the  south  pole  of  the  magnet ;  and  at  S  the 
needle  hangs  vertically,  with  its  north  pole  pointing  to  the  south  pole 
of  the  magnet.  Now,  in  like  manner,  move  the  needle  from  A  to  N ; 
at  the  position  b  the  south  pole  of  the  needle  dips  towards  the  north  pole 
of  the  magnet ;  and  so  on  as  before.  (In  Fig.  30  the  needle  is  supposed 
to  be  suspended  by  a  thread.)  Thus  we  can  account  for  the  mag- 
netic dip. 

The  phenomena  of  the  direction  and  dip  of  magnetic  nee- 
dles at  different  parts  on  the  earth's  surface  are  found  to 
coincide  with  the  efiects  which  a  bar  magnet  produces  on  the 
needle,  as  above  described ;  hence  we  are  led  to  conclude  that 
the  earth  is  a  great  bipolar  magnet,  whose  poles  lie  towards 
the  geographical  poles  of  the  earth.  As  like  poles  attract, 
and  unlike  poles  repel  each  other,  it  follows  that  the  mag^ 
netic  pole  of  the  earth  lying  towards  the  north  is  a  negative 
fnagnetic  pole,  and  that  the  one  Iging  towards  the  south  is  a 
positive  magnetic  pole.  The  former  magnetic  pole  is  situated 
in  North  America,  in  the  vicinity  of  Hudson's  Bay,  in  70®  5' 
N.  lat.,  and  114**  55'  W.  long.;  and  the  other  in  72''  35'  S. 
lat,  and  152^'  30'  E.  long.  At  these  places  the  dipping  nee- 
dle assumes  a  vertical  position,  as  shown  at  P  and  K,  Fig.  31. 
Sir  James  Ross  found  the  pole  P  in  the  northern  hemisphere 
during  his  arctic  expedition  of  1829.  The  actual  existence 
of  the  magnetic  poles  in  these  places  is  further  confirmed  bj 
the  fact  that  the  magnetic  needle,  at  different  parts  on  the 
earth's  surface,  is  always  directed  towards  these  points  as 
magnetic  poles. 

At  the  moffnetio  equator  M  T  the  needle  assumes  a  hoiiaontal  position. 
As  we  approach  the  magnetic  pole  P,  the  north  pole  of  the  needle  dips 
more  and  more ;  and,  on  the  contrary,  as  we  approach  the  magnetic  pole 
K,  the  south  pole  of  the  needle  dips  more  and  more.  On  the  magnate 
fneridian  K  Q  P,  K  V  F,  &c,  the  needle  has  always  the  samegenenl 
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It  V  F,  K  :i  P,  flmgttfede  meridtaui;  ihetL  ^  Mgks  P  T  N  and 
]PXJf  %ill  IbtliK*  dtdinatSoiM,  <tt  $tag\m  of  naUtion,  of  the  magpetk 
needle  at  the  pcnnti  V  and  X,  respectively.  The  ctaunandet  of  a  ship 
at  y,  knowing  from  his  charts  the  deviation  of  the  needle  at  the  par- 
tieiibr  spot,  will  be  able  to  ascertain  the  trae  north  and  aoath.  The 
mtfjfhOic  paniMt  1)  F,  J  L,  ftc,  an  Umt  of  bjuoI  magnetit  dip,  at 
iliown  at  f  and  <,  on  the  xnagtieta^t  pixalld  D  F«  where  the  naedks  t  n, 
*  n,  dip  tefwatdfe  the  pc^  P,  at  the  tame  angle. 

It  must  be  borne  in  mkid  thai  thflae  difltoent  magnetie  Unea  upon  tht 
dcrth  a»  not  e&itctly  fonned  by  troe  aeetiom  of  the  sphere,  like  the 
geograpMeal  eiiclea.  Indeed,  aome  of  these  magnetic  lines  have  the 
litasgit  ef  looped  enrveB»  or  curves  of  doable  curvatttre^  di&ing  more  or 
less  fiom  the  circular  lines  shown  in  Fig.  31. 

^e  IkiM  of  equal  dip  have  been  called  isoeUme  lines ; 
these  fines,  as  we  have  ehown,  sarfound  the  globe,  niniiing 
nearly  parallel  with  the  magnetic  eqaator.  It  is  a  remarkable 
fact,  that  there  is  a  coincidence  subsisting  between  these  lines 
«Dd  the  jgothjirmal  lines,  or  lines  of  equal  heat,  upon  the 
{(kbe :  thb  eoineidence  indicates  that  the  earth's  magnetism  is 
intimately  connected  with  terrestrial  heat,     ^ 
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The  indnotiTe  <«fl«imi«i»  of  the  earth  upcm  ban  of  aaft  Iiqq  (aee  i 
MMAfo,  p.  18  and  26,)  bean  a  striking  analogy  to  the  induction  of  mag- 
netiim  by  ordinary  magnetic  ban.  The  magnetic  effiBcta  of  the  caitl& 
are  undoubtedly  attributable  to  the  inductiye  influoice  of  te^wtdal 

TABIATIOKS   OF  THE  KEEDLB. 

19.  The  earth's  magnetic  powers  are  subject  (o  both  reg- 
ular and  irregular  variations.  These  Tariadons  are  indi- 
cated by  the  changes  which  occur  at  the  same  place,  in  the 
declination  and  dip  of  the  needle,  and  in  its  magnetic  in- 
tensity. 

The  regular  yariations  follow  a  certain  law,  which  enablea 
us  to  calculate  beforehand  the  changes  that  in  future  will  take 
place.  These  regular  variations  are  either  secular  or  peri- 
odic The  secular  changes  become  only  evident  after  the 
lapse  of  years,  and  the  periodic  are  those  which,  as  it  were, 
oscillate  within  short  periods  of  time. 

Of  all  the  secular  variations,  the  declination  is  that  which 
has  been  most  observed,  and  which  has  been  most  exi^^tly  de- 
termined The  dip  and  intensity  have  but  recently  claimed 
the  attentiop  of  philosophers. 

About  the  year  1600,  the  needle  at  London  pointed  4i®  to  the  east  of 
the  north ;  1660  it  pointed  due  north ;  from  which  time  it  gradually 
deviated  to  the  west  of  the  north  until  the  year  1818,  when  it  deviated 
24*3^  to  the  west  of  north,  which  was  iti  maximum  deviatum ;  but  for 
the  last  30  yean  its  declination  has  certainly  been  decreasing,  and  in  all 
probalnlity  it  will  continue  to  do  so  until  it  again  becomes  due  nocth ; 
then  the  declination  will  increase  towards  the  east  until  the  needle  has 
again  attained  its  maTimum  eastern  dfclination,  when  it  will  again 
return. 

All  that  is  known  with  certainty  relative  to  the  dip  of  the  needle  is, 
that  at  present  it  is  decreasing  in  Europe.  The  maTimum  dtp  of  the 
needle  at  London  took  place  about  a  century  ago,  when  it  was  about 
74^ ;  since  that  time  it  has  been  going  on  decreasing,  with  great  regu- 
larity, at  the  rate  of  3'  annually.  At  London,  the  dip  of  the  needle  at 
the  present  time  is  about  68^. 

The  variation  of  the  magnetic  intensity  has  but  recently  claimed  the 
attention  of  experimentalists ;  however,  it  seems  highly  probable  that 
this  intensity  is  at  present  decreasing  in  Europe.         ^. 
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ThB  oompott  needle,  also,  undergoes  diurnal  and  annoal  variationa. 
These  variatians  appear  to  be  intimately  connected  with  the  heat  of  the 
iun.  From  sunrise  to  a  little  after  noon,  the  north  pole  of  the  needle 
moves  towards  the  west,  and  after  that  time  it  retrogrades  towards  the 
east  until  a  little  after  sunset  in  the  evening,  when  it  remains  nearly 
stationary  imtil  sunrise.  The  extent  of  these  variations  depends,  not 
only  on  the  time  of  the  year,  but  also  upon  the  situation  of  the  place. 
In  London,  during  the  heat  of  summer,  the  variation  is  about  19', 
whereas,  in  winter,  it  is  only  about  7'.  In  Paris,  the  summer  variation 
is  about  15',  and  in  winter  about  9'.  These  variations  disappear  under 
the  magnetic  equator ;  and  on  the  south  of  it  they  are  found  to  exist  in 
an  inverted  order. 

The  dip  of  the  needle  is  also  subject  to  daily  variations,  which  also 
appear  to  depend  upon  the  action  of  the  sun's  heat  upon  the  earth ;  but 
they  do  not  exactly  accord  with  the  daily  variations  of  declination. 

The  variations  of  magnetic  intensity  also  api>ear  to  depend  upon  the 
sun's  heat. 

The  irregular  magnetic  variations  are  connected  with  certain  electrical 
and  meteoric  phenomena,  such  as  the  aurora  borealis,  lightning,  and 
even  volcanic  eruptions.  A  flash  of  lightning  has  been  known  to  reverse 
the  poles  of  a  needle»  and  even  to  destroy  its  magnetism  entirely. 

THE  DEGLIKATION   COMPASS  AND  HARINEB'S   COMPASS. 

20.  This  apparatus  is  used  for  observing  and  measuring  the  declina- 
tion of  the  needle,  or,  conversely,  for  determining  the  north  and  south 
direction,  or  the  meridian  line,  when  the  magnetic  declination  is  known. 
It  consists  of  a  magnetic  needle  N  S  (see  Fig.  32)  delicately  suspended 
by  means  of  an  agate  or  steel  cap  O  resting  on  a  pivot.  £  F  is  a  grad- 
uated circle,  <m  which  is  read  the  division  corresponding  to  the  position 
of  the  needle.  The  needle,  with  its  graduated  circle,  is  placed  in  a  cir- 
cular box  covered  with  glass.  The  instrument  is  usually  furnished  with 
a  telescope  A*B,  turning  on  a  horizontal  axis  C  D,  which  carries  an  air 
level  and  a  vertical  quadrant  A,  divided  to  measure  the  angles  described 
by  the  telescope.  The  box  is  capable  of  turning  round  on  a  vertical  axis, 
by  which  it  is  fixed  on  its  stand,  in  order  to  bring  the  telescope  in  the 
directioa  of  the  meridian ;  then  the  angle  formed  by  the  direction  of  the 
telescope,  with  the  direction  of  the  needle,  gives  the  angle  of  declina- 
tion ;  or,  when  the  declination  is  known,  the  box  is  tuned  until  the 
angle  made  by  the  axis  of  the  telescope  and  the  direction  of  the  needle 
are  equal  to  it ;  then  this  gives  the  position  of  the  meridian. 

The  nutriiw  eompcus  differs  from  the  ordinary  compass  simply  in  hav- 
ing a  double  tng^esuacm,  which  admits  of  its  maintaining  itsdf  in  a  hor« 
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Fig.  82. 

izontal  pd^tiaii«  tiotwithstanding  the  rolUng  of  tliib  ship.    I^.  S3  rtp- 
resenta  «  form  of  t^  doobld  6Qi&i)eDaio&;  Whoe  Cli  the  tgail*  ormM 
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cap  fixed  to  the  needle  N  8;  B  another  C8p»  tvith  ft  pitot  ix^  tb  m 
upper  part,  oh  which  cap  C  tni&B ;  A  the  piyot  on  yfftiAi  tte  ^  l> 

turns. 


tHlE  ASTATIC  NEEDLt. 

21.  fi'Ot  the  puxpoae  of  conducting  many  intet^oting  ezperifnentiv  ft  If 
xt^[ttllto  to  have  tnagnelie  needles  on  whi^  the  earth  doei  m^w6mtwif 
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tflNMlii^teiMBM:  fiMdle8ortfaiBM«iMcaUddi4«te<»^  This 

<]lject  is  readily  attained  by  fixing  two  equal  needlea  to  H  oonmon  point 
ti  saspttttioii,  with  their  oontrary  poles  together.  By  this  means,  the 
tee  needle  exactly  counteraets  the  ^UreetiTe  tendency  of  the  other,  lo 
that  the  eoinpoimd  or  astatic  needle  triU  be  free  to  obey  the  slightttt 
Uttraotive  fbcee^  without  being  infiuenoed  by  the  magnetio  power  of  the 
earth. 

Fig.  33a  represents  a  simple  and  highly  8»-  e 

Ticeable  astatic  needle ;  •  n  and  n  «  axe  two  mag- 
netic needlesy  of  the  same  size  and  magnetic  in- 
tensity, connected  at  their  centres  by  a  wire  ab; 
the  astatic  needle  thus  formed  is  suspended  by  a 
fine  thread  of  untwisted  ulk  a  c.  The  applica- 
tion of  tbis  astatic  needle  will  be  noticed  in 
CGonectiQQ  with  the  subject  of  electro-dynamics. 


The  Inclination  CbmpasB. 

This  acppantiis  is  used  fat  obsenring  and  measuring  the  dip  of  the 
needle  at  different  places  on  the  earth's  surface,  or  at  difierent  periods  of 
time  at  any  place.    (See  Fig.  17»  p.  289.) 


AMPkRE'S  THEORY   OF  MAGNETISM   AND   ELECTRa 
DYNAMICS. 
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22.  Ampere  considered  that  a  magnet  is  ibnned  by  a  magnetic  cur- 
rent, which  he  beUered  to  be  the  same  as  an  electric  cunent,  circulating 
round  it  constantly  in  the  same  direction,  as 
shown  in  Fig.  34.  Supposing  the  magnet  to 
have  its  north  and  south  direction,  then  the  cur- 
rent enters  at  the  south  poles,  and  circulates 
round  the  magnet  spirally,  (like  a  corkscrew,) 
akog  its  length  from  south  to  north,  as  shown 

in  the  figure ;  that  is,  the  current  is  directed  from  east  to  west  in  the 
lower  face  of  the  magnet,  and  therefore  from  west  to  east  in  its  upper 
fiice ;  or,  in  other  words,  the  current  is  ascending  in  the  &ce  situated  on 
the  west,  and  descending  in  the  face  on  the  east.  Sted  bars  become 
magnets  when  this  regular  cuxrent  is  permanently  excited  in  them* 
Ampere  established  this  theory  by  showing  that  a  heUx  of  copper  wire^ 
26 
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tlmagli  wlikh  an  dcetrie  cooait  m  tranmitted,  poawn  aJl  tiie  pnp- 
crties  of  a  magnffir  needlcu  As  a  iicccwiny  coMeqpence  of  tlua  theory, 
it  foDowi  that  parallrl  cumaiis  wowing  m  the  same  dizectka  mntiiaU j 
attract,  and  that  they  imitnally  repd  when  thej  are  nKmng  in  a  can- 
trary  direction,  ^ow*  wires  conducting  deetocal  cmrents  haw  really 
this  praporty.  This  explains  why  like  poles  repd  and  imlike  poles 
attract.  But  this  theory  will  be  man  foDj  a^bined  in 
with  the  subject  d  deetio-dynamici. 


VOLTAIC  ELECTRICITY. 


1.  Gaxvanism,  or  Voltaic  Electricity,  is  produced  by  a 
certain  chemical  action  upon  two  different  metals  when  brought 
into  contact.  Gralvani,  of.  Bologna,  observed  that  when  he 
touched  a  nerve  and  muscle  in  the  leg  of  a  dead  frog  with 
two  different  metals,  on  bringing 
these  metals  into  contact,  the 
leg  underwent  a  convulsive  mo- 
tion, as  shown  in  Fig.  35,  where 
Z  and  C  are  the  two  metals 
brought  into  contact  at  A,  the 
extremity  B  being  in  contact 
with  the  nerve,  and  D  with  the 
muscle.  Galvani  considered  this 
effect  as  due  to  something  in  the 
animal  structure,  and  hence  he  called  it  animal  electricity,  but, 
out  of  respect  to  the  discoverer,  the  name  of  galvanic  elec- 
tricity was  given  to  it.  But  Yolta  soon  afler  showed  that  the 
effect  was  entirely  due  to  the  production  of  electricity  by  the 
action  of  the  two  metals  upon  each  other,  and  that  the  nerves 
and  muscles  of  the  animal  merely  exhibited  the  free  elec- 
tricity in  the  same  way  as  any  other  delicate  electroscope 
might  do.  This  leading  conception  conducted  him  to  a  series 
of  splendid  discoveries,  and  in  particular,  in  the  first  year  of 
the  present  century,  led  him  to  the  construction  of  the  voltaic 
pile,  which  stands  in  the  same  relation  to  voltaic  electricity 
that  the  common  electrical  machine  does  to  frictional  elec- 
tricity. 


jR^.  35. 


VOLTAIC   PILE. 


2.  A  number  of  circxilar  plates  of  copper  and  zinc,  and  of  doth  or 
card,  about  3  inches  diameter,  were  provided,  and  arranged  in  the  fbnn 
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of  a  pile,  (Fig.  86.)  The  base  of  the  pile  is  a  copper  disk,  upon  which  m 
sine  disk  is  placed ;  (these  two  disks  form  what  is  called  a  pair ;)  over 
this  pair  a  second  similar  pair  is  placed,  obserring  always  that  the  copper 
is  below  the  zinc ;  the  second  pair  is  separated  from  the 
first  by  the  circular  cloth  or  card,  moistened  with  a 
weak  saline  or  add  solution.  Upon  the  second  pair  is 
placed  a  third,  separated  also  by  a  moistened  circular 
piece  of  doth  or  card,  similar  to  that  which  preceded. 
la  this  suomer  a  considerable  number  of  pain  an 
placed  in  the  same  order,  one  orcr  the  other,  and  re- 
tained in  their  upri^  position  by  means  of  rods  of 
glass.  When  the  base  plate  of  the  pile  rests  upon  an 
insulating  plate  of  glass,  this  lower  plate  is  found  to  be 
charged  with  negative  electricity,  whilst  its  upper  plate 
is  charged  with  positiTe  dectridty.  These  extremitiea 
are  caUed  the  poles  of  the  pile  or  baitery,  the  lower  ex- 
tremity  being  the  negative  pde,  and  the  upper  extrem- 
ity the  positive  pole.  If  the  metals  had  been  placed  in 
a  reverse  order,  theft  the  poles  would  also  obviously  be  reversed.  Two 
wires,  one  leading  from  the  extreme  copper  plate,  and  the  other  from  the 
extreme  zinc  plate,  oonduct  the  dectridty  of  the  respective  pdes  to  any 
substance  upon  which  the  dectric  fluid  is  required  to  te^  When  the 
extremities  of  these  wires  are  brought  together,  an  electric  ipark  passes 
between  them,  arising  from  the  neutralization  of  the  two  different  kinda 
of  electridty.  When  these  wires  are  held  one  in  each  hand,  (the  num- 
ber of  pairs  in  the  pile  being  sufficiently  great,)  a  rapid  succession  of 
shocks  are  fdt.  When  the  extrtmilties  of  the  two  wires  are  connected 
by  a  very  fine  platinum  or  silver  wire  about  half  an  inch  in  length,  the 
neutralization  of  the  two  dectridties  causea  this  fine  wire  to  rise  in  tem» 
perature,  and  to  become  red  hot.  The  length 
of  the  fine  wire  which  may  thus  be  rendered 
incandescent  is  in  pn)portion  to  the  power  of 
the  pile. 

When  the  two  wires  proceeding  from  the  two 
poles  of  the  pile  are  immersed  near  each  other 
in  addnlated  water,  the  water  is  decomposed 
into  its  two  constituent  gases,  hydrogen  and 
oxygen,  the  oxygen  being  liberated  from  the 
wire  proceeding  from  the  podtive  pole,  and  the 
hydrogen  from  the  wire  proceeding  from  the 
negative  pole;  the  volumes  of  the  gases  are 
Oonstaady  in  tfa»  fame  proportions  that  ooosti* 
tnte  water ;  ^bai  is  to  say,  one  vduma  of  oxy- 
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gen  to  two  Tolumes  of  hydrogen,  as  shown  in  Fig.  37.    In  this  experi- 
ment, the  submerged  parts  of  the  two  wires  must  be  platinum. 

These  phenomena  are  merely  simple  examples  of  the  yarious  and  im- 
portant effects  produced  by  the  action  of  the  roltaic  pie  or  battery, 
which  we  shall  hereafter  more  fully  consider. 

When  the  number  of  pairs  in  the  pile  is  so  "   ^ 

great  that  its  height  would  be  inconvenient 
when  placed  in  a  single  column,  the  plates 
may  be  arranged  in  two  or  more  columns,  as 
shown  in  Fig.  38,  where  the  continuity  of  the 
pile  is  sustained  by  the  bars  B  and  B'.  In 
this  case,  the  negative  pole  of  the  pile  is  at 
N,  and  the  positive  pole  at  P,  and  the  effect 
of  the  whole  is  the  same  as  if  the  second  were 
placed  over  the  first,  and  the  third  over  the 
second. 

Yolta  proposed  a  second  arrangement  of  the 
pile  or  battery,  called  the  Couronne  de  Taaaes. 

This  form  of  the  s^yparatus  is  represented  in 
Fig.  39;   it  consists  of  a  series  of  cups  or 
glasses,  containing  a  saline  or  acidulated  solution.    Each  pair  of  copper 
and  zinc  plates  is  immened  in  the  separate  cups;  the  zinc  plate  in  one 
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cop  being  connected  by  a  wire  with  the  copper  plate  in  the  succeeding 
cup,  and  so  on ;  the  wire  Q,  proceeding  from  the  first  zinc  plate,  forms 
the  negative  pole  of  the  battery,  and  the  wire  P,  proceeding  from  the 
last  copper  plate,  forms  the  positive  pole  of  the  battery ;  the  same,  in 
matter  of  fact,  as  in  the  ordinary  pile  just  described. 

Very  great  improvements. have  been  made  in  the  construction  of  these 
batteries;  but  before  we  proceed  to  describe  them,  we  shall  give  a  few 
simple  and  instructive  experiments,  calculated  to  elucidate  the  general 
principles  and  effects  of  voltaic  electricity. 
26* 
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MC         l^iLTUKU.  AX»  BCPKBQUBITAL  9HILOBOPHT. 

TKKLIXaAMT  TISWS  ASD   SIXPLE   EXPERDCENTS    OV  TOL^ 
TAIC   ELSCTRICITT. 

S.  EMfL  1.  Ttee  mpiBDe of  dtee  me  wMierTQar  tongue;  layakalf 
^e  toBgoe;  ao  pecnliar  ■fntinn  k  £Bh  lo  kmg  as  the 
^BoCtaB^  eadi  ollMr:  now  bring  the  edges  of  the  two 
with  eadi  other;  a  diaigieeabie  taste*  aomething  like 


Hse  the  oafira  OB  the  tongue  between  the  two  metals  n  theexdtiBg 
easae  of  ^e  devefcpBMBft  or  ^e  riectiic  fluid;  and  when  the  edges  of 
the  aetab  are  brooght  into  contact,  the  Tohaie  cizde  is  Ibrmed,  and  tfaa 
pemfiar  araaafinn  of  taste  is  the  effect ;  but  when  the  Tottaie  cizde  is 
this  sfBMtwn  instantlj  ccbrb.  The  pecohar  taste  of  porter, 
i  dmnk  ont  of  a  pewter  poC«  is  aba  doe  to  the  same  eanae. 

£9^3.  Instead  of  the  half  crown,  in  the  last  experiment,  nae  a  place 
cf  charcosd  or  a  pMce  of  cast  son. 

£^  1.  The  fint  cxperiaaent  gare  Ton  a  teste  of  Toltale  dectricity ; 
new  die  fiakwing  experiment  win  gire  Ton  a  f^yU  of  it. 

Flaee  a  aihv  spooB  between  the  gums  and  one  dieek,  and  a  strip  of 
anc;  in  a  rimilar  poaition,  on  die  other  diedL ;  complete  the  Toltaic  dr- 
cnit  by  bsittging  the  extzemities  of  the  meCab  together  on  the  ootside  of 
d^BBMth;  a  slight  flarii  of  electric  light  wiU  instantly  be  seen.  Repeat 
0ie  expeiUBcnt :  the  flash  will  always  be  seen  at  the  instant  the  two 
■Mtah  are  bronf^  into  contact ;  and  a  smaller  flash  will  be  seen  at  die 
instant  the  contact  is  broken.  The  fint  experiment  maj  be  also  per- 
Ibmed  by  die  aihrer  tea  spoaa  and  the  rinc  strip. 

£^  4«  Lay  a  fire  shiUmg  piece  on  a  larger  plate  of  rinc ;  on  the  coin 
place  alirtkechoraliTesnail;  so  long  as  the  czeatnre  does  not  oome 
into  contact  with  the  line,  he  ^ipeais  perfectly  at  his  ease;  bnt  the 
moment  he  moves  so  as  to  tooch  the  rinc,  thereby  completing  the  con- 
nection betwean  the  two  metals,  he  leceires  a  shock  and  instantly 
recoib. 

Km;^  &.  Place  a  sQrer  9jpoaa  S  in  a  ^ass  mntaining 
a  sdution  of  sulphate  of  copper ;  into  the  same  glass 
inssit  a  strip  of  ime  Z.  No  ehsnge  takes  plaoe  in 
either  afd»  vaetab,  so  long  as  they  are  i^art:  bring 
the  upper  ends  of  the  metab  in  contact  with  each  ether ; 
the  eOrtr  spoon  wiH  become  coaled  with  copper,  irineh 
will  adhere  so  flnnly  that  m«re  frietion  will  not  take 
it  olt 
A.  Thb  enpeiimept  Ady  fflnstrates  ike  eleetr^tfpe        Fif.  i^ 


Sj^  t.  Plaoe  a  sHp  of  copper  C  (see  Fig.  41)  fai  a 
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Fig,  41. 


hydzodilarie  add ;  into  the  same  glan  insert  a  atiip  of  slae  Z ;  so  long 
as  the  metals  remain  apart,  no  chemical  actum  can  be  seen,  and  no  dee- 
tzicity  is  developed;  bring  the  upper  extremi- 
ties <<  of  the  metals  into  contact ;  active  decom- 
position immediately  begins ;  the  chlorine  com- 
bines with  the  zinc,  and  the  hydrogen,  set  free, 
makes  its  n^ypearance  at  the  surface  of  the  cop- 
per in  the  form  of  minute  bubbles  —  voltaio 
electricity  is  in  action.  Withdraw  the  ex- 
tremities of  the  metals  from  each  other ;  the 
dectrical  circuit  is  broken  —  electrical  action 
no  longer  exists ;  restore  the  contact,  and  the 
electrical  action  is  again  renewed. 

The  disengagement  of  electricity  is  always  in 
proportion  to  the  chemical  action ;  and  the  metal 
which  is  most  acted  \xpaa  by  the  fluid  gives 
off  its  negative  fluid  to  the  other  plate,  and  the 

consequence  of  this  is,  that  the  current  proceeds  from  this  latter  plate  to 
the  fimner.  In  the  experiment  just  given,  the  sine  plate  is  acted  upon 
by  the  add,  and  the  voltaic  current  proceeds  from  the  upper  extremity 
of  the  copper  jdate  to  the  zinc  plate,  as  shown  in  the  flguro. 

The  cheapest  add  for  generating  small  portions  of  voltaic  dectridty 
with  dno  and  copper  plates  is  sulphuric  add,  diluted  with  about  twdve 
parts  of  water  to  one  of  the  strong  acid. 

JE^.  7.  Bend  the^zinc  Z  as  shown  in  Fig.  42 ;  place 
a  bit  of  blotting  paper,  moistened  with  iodide  of  potas- 
sium, upon  the  zinc  at  A;  bring  the  extremity  B  of  the 
atrip  of  copper  G  (or  platinum)  in  contact  with  the 
moistened  paper ;  the  current  of  the  dcctric  fluid  passes 
in  the  direction  of  the  arrow ;  the  iodide  of  potasdum 
is  decomposed  by  tlie  dectric  current ;  the  iodine  is 
evolved  at  the  positive  pole,  and  the  alkali,  free  potassa, 
•St  the  negative  pole.  - 

The  experiment  will  be  more  striking  if  a  drop  of  &  aolutioa  of  staieh 
be  dao  added  to  the  mdstened  pi^>er. 

Btp,  8.  Perlbrm  the  same  experiment  with  the  biboloas  pqser  moist- 
ened with  pruasiate  of  potassa,  slightly  acidulated  with  hydroehleric 
add. 

Exp,  9.  Twist  a  pieee  of  copper  wire,  in  the  form  of  a  spiral  er  heUx, 
round  a  small  gloss  tube ;  connect  the  extremities  gf  the  wire  with  the 
4nc  and  copper  plates  immersed  in  diluted  sulj^uric  add ;  insert  a  sted 
needle  into  the  glass  tube;  after  a  short  time^  the  needle  will  be  Ibond 
to  be  pQi^eifrlUy  magnetic. 
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Exp.  10.  Bend  a  pece  of  soft  iron  wire  H  into  the  fonn  of  a  borse- 
ahoe  magnet;  twist  a  piece  of  copper  wire,  covered  with  silk  or  cotton, 
round  this  wire,  as  shown  in  Fig.  43 ;  connect  the  extremities  of  this 


Fi^,  43. 


Fig,  44.. 


wire  with  the  voltaic  plates  Z  and  C ;  the  horMshoe  wire  H  instantly 
becomes  a  magnet.  If  you  have  no  covered  wire  at  hand,  wrap  a  piecQ 
of  paper  roimd  the  horseshoe  wire  before  you  twist  the  copper  wira 
round  it. 

Exp,  11.  Place  the  copper  wire  C  Z,  connecting  the  voltaic  plates,  in 
the  plane  of  the  magnetic  meridian;  bring  a  magnetic  needle  exactly 
over  the  wire  C  Z ;  the  needle  will  be  deflected  fircftn  its  north  and  south 
direction  by  the  action  of  the  wire  C  Z,  conducting  the  voltaic  current : 
now  bring  the  needle  exactly  below  the  wire  C  Z ;  the  needle  will  be 
deflected  to  the  side  opposite  to.  that  towards  which  it  was  before  de« 
fleeted. 


BATTERIES  AND  THE  DIRECTION  OF  THE  VOLTAIC  CURRENT. 

5.  Fig.  45  represents  a  single  pair  of  zinc  and  copper  plates  acted 
upon  by  a  diluted  acid ;  the  connecting  wire  C  Z  shows  the 
direction  of  the  electric  fluid ;  that  portion  of  the  copper 
plate  which  is  immersed  in  the  acid  becomes  charged  with 
negative  electricity,  and,  as  a  necessary  result  of  the  law  of 
electrical  repulsion,  the  positive  fluid  is  driven  off  from  the 
upper  extremity ;  hence  the  direction  of  the  current  In  all 
batteries,  the  current  will  always  proceed  from  the  wire  at- 
tached to  the  metal  least  acted  upon  by  the  decomposing^ 
fluid. 

In  Volta's  battery,  represented  in  Fig.  89,  of  which  all 


VOLTAIC   ELECTRICITY.  * 


509 


Other  batteries  may  be  regarded  as  mere  modifications,  the  wire  P  at- 
tached to  the  last  copper  plate  will  be  a  positive  or  -)-  po^^i  &Qcl  the  wire 
Q  attached  to  the  first  zinc  plate  will  be  a  negative  or  —  pole. 

Fig.  46  represents  a  voltaic  arrangement  of  two  plates  Pt.,  Pt.,  of  the 
same  metal,  viz.,  platinum,  immersed  in  difierent  fluids,  —  A  an  alkali, 
and  c  concentrated  nitric  add,  separated  by  a  porous  partition  a  b.  The 
platinum  immersed  in  the  alkaU  becomes  positively  electrified,  and  that 
in  the  acid  negatively  electrified,  and  the  current  flows  as  shown  in  the 
flgure. 


Fig.  47  shows  the  voltaic  action  which  takes  place  when  different 
metals  are  immersed  in  different  fluids.  The  platinxim  plate  Pt.  is  im- 
mersed in  concentrated  nitric  acid  M,  and  the  zinc  plate  Z  in  concen- 
trated sulphuric  acid  S,  the  two  acids  being  separated  from  each  other 
by  the  porous  partition  a  6.  In  this  case,  the  most  intense  electromotive 
tension  is  excited,  the  one  metal  being  immersed  in  that  fluid  which 
renders  it  most  powerfully.negative,  and  the  other  metal  in  that  fluid 
which  renders  it  most  powerfully  positive.  This  is  the  principle  upon 
which  Groove's  battery  acts,  which  is  certainly  the  most  powerf^il  that 
has  yet  been  constructed. 


DIFFEBENT  FORMS   OF  THE  VOLTAIC   BATTERY. 

6.  Cruiekshank*9  haUery,  represented  in  Hg.  48,  consists  of  an  oUong 
trough  of  baked  wood,  divided  into 
cdls,  to  be  filled  with  add,  by  a 
number  of  pairs  of  rectangular  plates 
of  zinc  and  copper.  This  form  was 
a  decided  improvement  on  the  com- 
mon pile,  but  still  it  had  several  in- 
conveniences in  practice. 

The   arrangement    represented  in 
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ISg.  4f  jmoanA  mmij  of  Umk  inoopvrinwicfi.  It  li  nMr^  ft  i 
modiitttkii  of  the  Coaronne  d«  Taaci,  H|MiiieDted  in  Fig.  89.  Tte 
trough  T,  with  ili  cdb,  is  made  of  wcdgewood  wm«;  the  pSatci  of  tine 
■nd  ooppov  fixmiiig  each  par,  m  eoldaod  together  by  a  oonBectiiig 


Fi^.  49. 

rod  at  the  top^  learing  them  soffidentlj  apart  at  the  bottom  to  span 
the  partitioiis  of  the  troogh.  The  plates,  thus  joiiied  in  pairs,  are  all 
attached  to  a  woodeo  bar  C  D,  bj  which  they  may  be  readOy  let  down 
into  the  trough,  whoi  they  are  zeqnired  to  be  in  actieB.  or  withdrawn 
£rom  the  trough  when  the  action  ia  to  be  siaqwnded. 

The  greatest  adrantage  attending  this  azrangefnent  is,  that  by  Amply 
raising  the  plates,  the  fluid  may  remain  in  the  trough  while  the 
of  the  battoy  is  suspended. 


Fi^.60. 


Wnliati&n^i  hatimry.  —  WoUaston,  having  disooyef«d  that  the  eflfect  of 
th43  foregoing  baitsiy  was  augmented  by  increasing  the  lurfiMse  given  to 
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te  eopjpet,  ht  enveloped  the  line  i^te  of  each  paur  with  the  copper  plate 
of  the  preceding  one,  takuig  care,  at  the  aame  time,  to  ayoid  all  metallie 
eontact  between  these  two  jdates.  By  this  arrangement,  the  copper 
plate  has  double  the  surface  of  the  zinc  plate. 

Fig.  61  represents  a  more  conrenient  form  of  this  battery,  where  the 
trough  is  replaced  hj  a  series  ci  glass  jars.    The  add  ean  be  more  easily 


Fig.  61. 

changed  or  discharged  from  these  separate  cells  than  fhim  the  ceQs  in 
ttit  trough  6f  the  preceding  Ibrm  of  the  apparatus. 


Fiff.  62. 


Fig.  63. 


S%9  htkcat  haiUnf.  —  tn  this  battery,  the  dac  and  copper  are  wrand 
into  the  form  of  a  helix,  and  plunged  into  a  glass  yessd  containing  the 
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diluted  acid ;  the  hdix  of  the  zinc,  in  each  pair,  must  not  be  in  metalUe 
contact  with  that  of  the  copper ;  but  the  helix  of  zinc  in  one  veBBcL  must 
be  in  metallic  communication  with  the  helix  of  copper  of  the  succeed- 
ing pair,  and  so  on,  as  in  Wollaston's  battery.  Fig.  62  shows  the  man- 
ner of  forming  each  pair  of  helizes,  and  Fig.  53  the  trough  adaptation, 
for  each  pair.  This  arrangement  presents  a  great  sur&ce  of  metal  in 
each  pair  to  the  action  of  the  add,  without  the  necessity  of  having  very 
large  troughs.  The  acid  mixture  for  charging  this  battery  is,  water 
mixed  with  one  fortieth  in  volume  of  strong  sulphuric  acid  and  one  six- 
tieth of  nitric  add. 

The  batteries  hitherto  described  all  have  one  decided  inoanveaaience^ 
viz.,  that  after  a  short  time  they  lose  thdr  power,  which  occasions  them 
to  act  with  a  variable  force  duilng  the  same  oouxae  of  experiments.  The 
zinc  plates  soon  become  covered  with  sulphate  of  zinc,  and  the  copper 
plates  with  hydrogen  and  even  oxide  of  zinc ;  these  deposits  not  only 
greatly  reduce  the  power  of  the  battery  when  in  use,  but  also  require 
the  plates  to  be  cleaned  before  being  put  into  action  again.  In  order  to 
avoid  these  inconveniences,  DanieU,  Grove,  and  Bunsen  invented  their 
constant  batteries. 

CONSTANT  BATTERIES. 


7.  These  batteries  are  constructed  on  the  prindple  explained  in  Oon- 
nection  with  Fig.  47,  p.  309  ;  where  the  porous  partition,  without  inter- 
rupting ,the  conduction  of  the  voltaic  fluid,  prevents  the  accumulation 
of  depositions  upon  the  plates.  a 

DanieWt  constant  battery,  —  A  single  pair  of  this 
battery  is  represented  in  Fig.  54.  A  is  a  copper  ves- 
sd;  C  a  porous  cell,  into  which  is  inserted  a  cylinder 
of  amalgamated  zinc  B  ;  a  and  b  are  binding  screws 
for  connecting  the  respective  metals  with  others  in 
the  series,  or  for  attaching  conducting  wires  when  a 
single  pair  only  is  to  be  used.  The  cell  C  into  which 
the  zinc  dips  is  filled  '^th  diluted  sulphuric  add, 
(one  of  strong  add  to  about  twenty  of  water;)  and 
the  copper  vessd  A  is  filled  with  a  saturated  solution 
of  sulphate  of  copper.  So  long  as  the  poles  a  and  b 
are  disconnected,  no  action  wiU  take  place ;  but  the 
moment  the  circuit  is  completed  by  connecting  the 
screws  a  and  b,  a  very  powerful  action  occurs ;  the  jy^.  54, 

inner  surface  of  the  copper  vessd  becomes  gradually 
covered  with  a  layer  of  pure  copper»  and  the  porous  oeU  C  becomes 
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cliazged  ^th  sulphate  of  zinc.  This  process  tends  to  depriTe  the  Eola- 
tion of  sulphate  of  copper  of  its  copper,  and  to  neutralize  the  sulphuzio 
add  by  the  dissolution  of  the  zinc ;  in  order,  therefore,  to  sustain  the 
action  unimpaired,  some  crystals  of  sulphate  of  copper  are  placed  upon 
a  perforated  shelf  p,  in  contact  ivlth  the  solution. 

Fig.  56  shows  the  manner  in  which  a  series  of  these  oelli  ate  oon- 
nected  so  as  to  fivm  a  battery. 


Fisf*  65, 


The  aflvantages  of  this  battery  are  as  follows :  (1.)  The  solution  of 
the  zinc  is  kept  apart  from  the  copper  by  the  porous  cell.  (2.)  The  hy- 
drogen, instead  of  escaping,  as  in  the  ordinary  batteries,  combines  with 
the  oxygen  of  the  oxide  of  copper,  and  precipitates  pure  copper  upon  the 
side  of  the  copper  vessel,  and  does  not  in  the  slightest  degree  affect  the 
action  of  thrbattcry.  (3.)  There  are  no  noxious  iumcs  arising  from  the 
action  of  the  battery.  (4.)  The  amalgamation  of  the  zinc,  without  at 
all  affecting  the  production  of  electridty  by  the  battery,  prevents  the  zine 
from  being  dissolved  by  the  sulphuric  add  when  the  battery  is  not  in 
use  —  that  is  to  say,  when  its  poles  are  not  imited  by  a  conductor ;  but 
the  moment  this  union  takes  place,  the  zinc  is  attacked  by  the  add  just 
as  if  the  mercury  were  not  there,  only  the  oxide  that  is  formed  does  not 
adhere  to  the  surface  of  the  metal,  which  it  would  *do  if  the  zmc  were 
not  amalgamated,  and  would  thereby  tend  to  weaken  the  action  of  the 
t)attery.  Plates  of  zinc  are  very  ea^y  amalgamated  by  pouring  mer- 
27 
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cuiy  upon  the  zinc,  and  at  the  same  time  rubbing  it  on  the  surface 
with  a  piece  of  chamois  leather  dipped  in  diluted  sulphuric  acid,  inrhich 
cleans  the  surface  of  the  zinc,  and  thereby  brings  the  mercury  and  zinc 
into  combination. 

Grove* 8  battery,  —  This  battery  is  con- 
structed on  the  same  principle  as  Dan- 
iell's ;  that  i^  to  say,  the  plates  are  acted 
upon  by  two  liquids  separated  fipom  feach 
other  by  a  porous  earthen  ware  partition. 
The  pairs  of  plates  are  composed  of  amal- 
gamated zinc  Z  and  platinum  foil  P<, 
plunged  into  a  cell  A  B  C  D  composed  of 
glazed  porcelain  or  glass.  The  cell  A  B  C  D 
is  filled  i^-ith  diluted  sulphuric  acid,  which 
acts  directly  upon  the  zinc ;  and  the  porous 
cell  a  into  which  the  platinum  is  plunged 
is  filled  with  nitric  acid.  The  platinum 
plate  Vt  is  in -metallic  contact  with  the  zinc  s  r 
of  the  succeeding  cell,  as  shown  at  a;  and 
so  on  to  the  whole  scries  of  ceUs  in  the 
battery.  As  the  power  of  these  batteries  is  much  increased  by  giving  to 
the  zinc  plates  a  vezy  large  surface  as  compared  with  the  nif&ce  of  the 
platinum  plates,  the  zinc  plates  are  bent  round  the  porous  cell  a,  so  that 
they  form  in  each  cell  two  vertical  surfaces  tmited  by  a  hozizontal  sur- 
face at  the  bottom. 

When  the  poles  of  this  battery  are  united,  so  as  to  bring  it  into  ac- 
tion, the  hydrogen  arising  from  the  decomposition  of  diluted  acid  does 
not  attach  itself  to  the  platinum,  but  goes  to  change  the  nitric  acid 
into  nitrous  acid ;  the  oxide  of  zinc  remains,  as  in  Daniell's  battery,  in 
the  cell  of  tlie  diluted  acid,  Avithout  penetrating  through  the  porous  cell 
to  the  platinum,  which  consequently  remains  perfectly  clean ;  this  cir- 
cumstance essentially  contributes  to  keep  up  the  power  and  constancy  of 
the  battery,  which  render  it  so  valuable  as  a  voltaic  combination.  After 
a  time,  however,  the  nitrous  acid,  which  is  constantly  form^,  acquires  a 
high  temperature,  and  gives  off  deleterious  fumes ;  when  this  takes  place, 
the  action  of  the  battery  should  be  arrested.  This  battery,  for  almost 
every  purpose,  is  the  most  powerful  that  has  yet  been  constructed.  About 
half  a  dozen  cells,  with  a  platinum  sur&ce  in  each  of  ten  square  inches, 
will  be  found  sufficiently  powerful  for  performing  all  the  most  interest- 
ing experiments  connected  with  voltaic  electricity. 

Bun»en*8  battery  differs  from  Grove's  only  in  charcoal  being  substituted 
for  the  platinum.    The  cells  of  this  battery  have  the  cylindrical  form* 
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lepresented  in  Fig.  />7|  in  conseqiience  of  the  caibon  or  charcoal  bong 
beat  made  in  the  Harm  of  hollow  cylindeia.    The  strip  of  copper  A  B 


Fiff.  67. 

ahomhow  the  zinc  of  one  cell  is  united  with  the  carbon  cylinder  of  the 
aucceeding  cell ;  and  so  on.  The  figure  also  shows  how  the  strips  of 
copper  C  and  D  forming  the  poles  of  the  battery  are  connected  with  the 
extreme  cells  of  the  battery. 

*£ach  charcoal  cylinder  usually  carries  a  collar  of  copper  at  its  upper 
end  for  the  purpose  of  fixing  the  connecting  strip  of  copper  to  it ;  this 
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cury  upon  the  zinc,  and  at  the  same  time  rubbing  it  on  the  surfiice 
with  a  piece  of  chamois  leather  dipped  in  diluted  sulphuric  acid,  which 
cleans  the  surface  of  the  zinc,  and  thereby  brings  the  mercury  and  zinc 
into  combination. 

Grove*a  battery,  —  This  battery  is  con- 
structed on  the  same  principle  as  Dan- 
icll's ;  that  i^  to  say,  the  plates  arc  acted 
upon  by  two  liquids  separated  from  ^ach 
other  by  a  porous  earthen  ware  partition. 
The  pairs  of  plates  are  composed  of  amal- 
gamated zinc  Z  and  platinum  foil  P^ 
plunged  into  a  cell  A  B  C  D  composed  of 
glazed  porcelain  or  glass.  The  cell  A  B  C  D 
is  filled  with  diluted  sulphuric  acid,  which 
acts  directly  upon  the  zinc ;  and  the  porous 
cell  a  into  which  the  platinum  is  plunged 
is  filled  with  nitric  acid.  The  platinum 
plate  P^  is  in  metallic  contact  with  the  zinc  n  j: 
of  the  succeeding  cell,  as  shown  at  a;  and 
so  on  to  the  whole  scries  of  ceUs  in  the 
battery.  As  the  power  of  these  batteries  is  much  increased  by  giving  tc? 
the  zinc  plates  a  very  large  surface  as  compared  with  the  nitface  of  the 
platinum  plates,  the  zinc  plates  are  bent  round  the  porous  cell  a,  so  that 
they  form  in  each  cell  two  vertical  surfaces  imited  by  a  horizontal  sur- 
face at  the  bottom. 

When  the  poles  of  this  battery  are  united,  so  as  to  bring  it  into  ac- 
tion, the  hydrogen  arising  from  the  decomposition  of  diluted  acid  docs 
not  attach  itself  to  the  platinum,  but  goes  to  change  the  nitric  acid 
into  nitrous  acid ;  the  oxide  of  zinc  remains,  as  in  Darnell's  battery,  in 
the  cell  of  the  diluted  acid,  without  penetrating  through  the  porous  cell 
to  the  platinum,  which  consequently  remains  perfectly  clean ;  this  cir- 
cumstance essentially  contributes  to  keep  up  the  power  and  constancy  of 
the  battery,  which  render  it  so  valuable  as  a  voltaic  combination.  After 
a  time,  however,  the  nitrous  acid,  which  is  constantly  fbrmq^  acquires  a 
high  temperature,  and  gives  oiF  deleterious  fumes ;  when  this  takes  place, 
the  action  of  the  battery  should  be  arrested.  This  battery,  for  almost 
every  purpose,  is  the  most  powerful  that  has  yet  been  constructed.  About 
half  a  dozen  cells,  with  a  platinum  surface  in  each  of  ten  square  inches, 
will  be  found  sufficiently  powerful  for  performing  all  the  most  interest- 
ing experiments  connected  with  voltaic  electricity. 

Bun»en*8  battery  dififers  from  Grove's  only  in  charcoal  bdng  substituted 
for  the  platinum.    The  cells  of  this  battery  have  the  cylindrical  form* 
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lepresented  in  Fig.  />7»  in  consequence  of  the  caibon  or  charcoal  being 
beat  made  in  the  Harm  of  hollow  cylinders.    The  atrip  of  copper  A  B 
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shows  how  the  zinc  of  one  cell  is  united  with  the  carbon  cylinder  of  the 
aucceeding  cell ;  and  so  on.  The  figure  also  shows  how  the  strips  of 
copper  C  and  D  forming  the  poles  of  the  battery  are  connected  with  the 
extreme  cells  of  the  battery. 

*Each  charcoal  cylinder  usually  carries  a  collar  of  copper  at  its  upper 
end  for  the  purpose  of  fixing  the  connecting  strip  of  copper  to  it ;  this 
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eopperilaidi  above  tli8  gUmnuiA  so  at  sol  to  eone  in  eatttaei  i 
ttitiic  add;  liowef«r,  it  ia  fennd  that,  owing  to  th*  pdimia flcton  of  tiia 
chanoal,  the  add,  to  a  certain  extoit,  riaes  to  the  copper  collar,  and  in 
time  destroys  its  eAdency.  The  following  oontdyance  (see  Fig.  69} 
completely  remedies  this  inooayenienoe :  the  chatooal  cylinder  C  is  solid  ; 
and  into  its  top  is  thrust  a  stout  copper  rod  N  H,  which  is  bent  so  as  to 
be  brought  into  contact  with  tha  succcediiig  aine  odL  To  prerent  tbe 
add  ascending  to  this  copper  rod,  the  top  of  tha  ehnooal  eylindo'  aiir- 
xounding  the  wire  is  oorered  with' a  cement  of  wax. 

It  is  almost  unnecessary  to  say  that  the  chaztoid  cySndar  in  this  bat- 
tery is  plunged  into  the  nitric  add,  filling  the  pcfoua  tube  or  oeQ,  and 
that  this  porous  cell  is  placed  within  the  cylinder  of  amalgamated  iinc» 
which  is  suirounded  by  the  diluted  sulpbixic  acid  filling  the  gins  jar 
or  poroelain  TesMl. 

Smee'9  battery,  —  In  this  batteiy,  the  plates  are  acted  upon  by  oooly 
one  liquid,  tiz.,  diluted  sulphmie  add,  (one  part  of  add  to  about  i 
parts  of  water.  T\%,  69  representB  one  of  the  eellit  of 
this  battery.  A  the  earthen  ware  cdl  filled  with  tha 
diluted  add;  Z  Z  two  vertical  plates  of  amalga 
mated  zinc,  one  on  each  side  of  the  platinired  plate  of 
silyer  S ;  10  a  bar  of  wood,  to  which  these  plates  are 
fixed ;  h  a  binding  screw,  which  seeurea  the  ainc  plates 
to  the  wooden  bar.  The  connections  are  made,  as 
usual*  l»y  means  of  the  small  binding  serewa  showik 
in  the  figure.  This  fisms  a  highly  eoanomical  and 
d&desat  battery.  Although  its  powar  may  be  less  than 
Grove's  battery,  at  the  same  time  it  is  in  many  »• 
spects  more  conyenlent  and  agreeaUa  fir  gmerd  uBe^ 
especially  finr  conduoting  ezperimflnts  nlttisg  to  dao* 
tro-magnetism.  J^.  59. 


^^L9AI0  CLSCmaOITT. 


SIT 


YOLTAMETER8. 

8.  These  instrumeQts  are  used  for  measariog  the  power 
of  a  battery.  There  bm^  three  kinds  of  voltameters  at  pres- 
ent in  use ;  one  of  them  depends  upon  the  decomponng  power 
of  the  battery,  another  upon  its  heating  power,  and  the  third 
upon  its  magnetizing  power. 

It  has  aheady  been  ahown  how  I3ie  pdea  of  a  battery  veBolTe  water 
into  its  constitueiit  gases  —  hydrogen  an4  oxygen.  Now,  it  is  preaomed 
that  this  decomposing  power  of  a  battery  is  in  proportion  to  its  general 
power,  or  rather  in  proportion  to  the  quantity  of  electric  fluid  devdoped 
by  the  battery.  Now,  la  the  gas  yokameters  represented  in  Figs.  60, 61, 
and  62,  the  quantity  of  gas  liberated  by  the  poles  of  the  battery  in  a 
given  time  is  taken  as  the  measure  of  the  power  of  the  battery ;  or,  what 
amounts  to  the  same  thing,  the  power  may  be  measured  according  to 
the  invene  ratio  of  the  time  requisite  for  liberating  a  given  ▼<dunie  of 
the  gas. 

In  Fig.  61),  the  platinum  polea  of  the  battery  are  placed  Yertically  m 
a  giadnated  glass  tube  D,  Twy  near  to  each  other ;  the  lower  eKtmutics 
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A  and  B  come  out  at  the  bottom  vessel  Y  containing  the  water,  so  that 
a  connection  may  be  readily  made  between  them  and  the  wires  leading 
27* 
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from  the  extreme  plates  of  the  hettery.  The 
two  gaap  in  this  instrument  are  recdred  in  the 
same  tube;  they  may,  however,  be  recetved  in 
eepante  tubes,  as  in  the  instrument  reprefented 
in  Fig.  87 ;  but  in  this  case,  the  piaHnum  poles, 
being  at  a  greater  distance  from  each  other, 
cause  the  deeomposition  to  go  on  more  slowly. 
When  the  battery  has  very  great  power,  the 
gases  are  usually  collected  in  a  graduated  re- 
ceirer  D  (Fig.  61)  placed  upon  the  pneumatie 
trough  N ;  the  decomposition  pf  the  water  takes 
place  in  a  bottle  M  fitted  up  with  a  cork  and 
bent  tube  A  for  conye3ring  the  gases  to  the  re- 
ceiver D ;  t^e  platinum  poles  or  electrodes  P^ 
hanging  near  together  within  the  bottle,  are  con- 
nected with  the  wires  B  and  C  leading  to  the 
extreme  plates  of  the  battery. 

Fig.  62  represents  an  eligible  form  of  this  ap- 
paratus, when  the  liberation  of  gas  is  very  fee- 
ble. The  quantity  of  gas  is  measured  by  the 
amount  of  displacement  of  the  liquid.  A  grad- 
uated tube  A  proceeds  laterally  from  the  lower 
part  of  the  vessel  Y  wheoein  the  decomposition 
of  the  water  is  carried  on ;  so  that,  as  the  gases 
rise  to  the  top  of  the  closed  vessel  V,  an  equal 
volume  of  water  is  thrown  up  the  tube  A. 

The  three  fallowing  voltameters  depend  upon  the  cakrifio  effects  of  the 
battery. 
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^g.  63  represents  a  Toltamcter,  which  is  merely  a  slight  modificatioxi 
of  the  common  pyrometer.  The  platinum  wire  a  b  forming  a  portion 
of  the  voltaic  circuit  becomes  powerfully  heated,  and  expands,  and 
allows  the  pointer  ad  to  fall ;  the  graduation  on  the  quadrant  indicates 
the  amount  of  expansion,  and  consequently  the  relative  power  of  the 
battery. 

Fig.  64  represents  a  still  more  sensible  voltameter,  in  which  the  plati- 
num wire  ftnrming  a  portion  of  the  voltaic  circuit  passes  through  the  ball 
of  an  air  thermometer;  the  expansion  of  the  air  by  the  heat  of  the  wire 
causes  the  liquid  to  rise  in  the  vertical  graduated  tube ;  and  so  on. 

The  magnetic  voltameter  will  be  hen^fter  fully  described. 


EFFECTS  OF  VOLTAIC  ELECTRICITY. 

CHEMICAL   EFFECTS. 

9.  The  chemical  action  of  voltaic  electricity  upon  different 
substances  placed  in  the  circuit  forms  one  of  its  most  impor- 
tant and  remarkable  features.  It  has  been  shown  that  frictional 
electricity  exerts  a  chemical  action ;  but  it  is  very  feeble  as 
compared  with  that  which  even  small  voltaic  batteries  exert. 

One.  of  the  most  remarkable  facts  connected  with  these 
decompositions  is,  that  certain  elements,  into  which  the  sub- 
Btances  are  resolved,  always  arrange  themselves  on  the  pos- 
itive pole  or  electrode,  and  certain  other  elements  always 
arrange  themselves  on  the  negative  pole  or  electrode.  Thus 
oxygen,  chlorine,  iodine,  and  the  acids  always  .fly  to  the  pos- 
itive pole  of  the  battery ;  and  hydrogen,  alkalies,  oxides,  &c., 
always  fly  to  the  negative  pole.  For  example,  in  the  decom- 
position of  water,  (see  page  304,)  the  oxygen  is  accumulated 
in  the  tube  placed  over  the  positive  pole,  while  the  hydrogen 
is  accumulated  in  that  placed  over  the  negative  pole.  This 
fact  has  led  to  the  formation  of  a  system  of  electrochemistry. 
The  respective  poles  are  supposed  to  be  in  a  contrary  electri- 
cal state  to  the  elements  which  they  attract ;  hence  oxygen, 
chlorine,  acids,  &c.,  are  negative  elements,  and  alkalies,  ox- 
ides, &c.,  are  positive.    Every  chemical  compound,  therefore, 
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consists  of  a  negative  element  and  a  positive  element,  vhicfa 
are  held  united  by  tiie  law  of  electric:il  attraction. 

Exp*  1.  DecempotitioH  of  miter.  —  This  is  most  successfully  peHbrmed 
by  the  apparatus  described  at  page  304  ;  but  the  following  simple  floim 
of  making  the  experiment  is  highly  instructive. 

Immerse  a  strip  of  amalgamated  zinc  and  a  strip  of  clean  copper  into 
m  glass  of  vraXer  slightly  acidulated  with  sulphuric  acid :  so  long  as  the 
iQCtals  are  kept  apart,  no  action  can  be  observed ;  but  the  instant  that 
the  upper  extremities  of  the  metals  are  brought  into  contact,  the  water  is 
decomposed,  numerous  little  bubbles  of  hydrogen  collect  round  the  cop- 
per, and  the  oxygen  at  the  same  time  passes  to  the  zinc,  and  oxidizes  it. 

Exp,  2.  Decompotition  of  neutral  aalte.  —  Fill  the  two  tubes  of  the 
apparatus  represented  in  Fig.  37,  page  304,  with  a  solution  of  sulphate 
of  soda,  or  any  other  neutral  salt,  colored  blue  with  tincture  of  violets ; 
then,  when  the  battery  is  in  action,  the  acid  will  be  attracted  to  the  pos- 
itive electrode,  and  will  render  the  liquid  in  the  tube  red,  and  the  alkali 
will  be  attracted  to  the  n^ative  electrode,  and  will  tinge  the  liquid  in 
the  tube  green ;  transpose  the  poles,  and  the  effects  wiU  be  reversed. 

£xp.  3.    To  precipitate  a  metal  from  the  tohUion  of  a  mettUic  aaU.  — 
Fig.  65  represents  a  simple  piece  of  apparatus  for  producing 
this  decomposition,    a  is  a  glass  tube  about  an  inch  in  diam- 
eter, having  a  piece  of  bladder  tied  over  its  lower  extremity, 
and  suspended  in  a  large  glass  vessel  b ;  pour  a  solution  of 
acetate  of  lead  (sulphate  of  copper,  nitrate  of  silver,  &c.,  "will 
answer  the  purpose)  into  the  glass  tube  a;  fill  the  outer  vessel 
with  diluted  sulphuric  acid ;  into  the  solution  of  lead  im- 
merse a  platinum  wire  p,  and  into  the  diluted  sulphuric  acid 
plunge  a  strip  of  amalgamated  zinc  Z,  in  metallic  contact 
with  the  platinum ;  then  a  voltaic  circuit  will  be  formed^  con- 
msting  of  two  metals  and  two  exciting  fluids ;  the  acetate  of  lead  wriU 
he  decomposed,  the  metallic  lead  will  be  attracted  to  the  platinum,  and 
the  acid  to  the  'zinc. 

The  metallic  vegetations  called  the  lead  tree,  &c.,  depend  upon  the 
voltaic  action. 

£xp,  4,  Connect  the  tin  foil  plate  G  with 
the  copper  pole  of  a  small  battery,  and- the 
metal  plate  D  with  the  zinc  pole  of  the 
battery.  Lay  a  piece  of  white  blotting  pa- 
per, soaked  in  a  diluted  solution  of  hydro- 
chloric acid  and  pruasiate  of  potassa,  upon 
the  plate  D  ;   draw  a  number  of  strokes  Fig,  66. 

with  a  brush  dipped  in  varnish  across  the 
plate  G,  as  shown  in  Fig.  66;  take  a  bent  wire  A,  and  comiect  the  two 
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plates -wMi  it;  mof«  the  vire  fron  end  to  eid ;  tiieatiM  eiacteo  cireiiit 
"wiU  be  complete  tytAcnefet  the  wire  oonnecti  the  metaiHe  foil  and  the 
damp  paper,  and  the  drcmt  win  be  broken  at  those  pazta  where  die  wire 
paaeeB  over  die  Tanish ;  the  eolutioii  on  the  piqper  will  be  deeompoKd  at 
the  fonncr  parts,  but  wQl  remain  unoheiiged  at  the  latter  parts,  as  will 
be  shown  by  the  deep-Une  narks  fosmed  npon  the  papor  by  the  dfieo8i<» 
position  of  die  priiSBiate  of  potash. 

This  experiment  illiistrates  the  piiaci^la  on  which  the  otpymy  §k^ 
trie  tikgraph  is  oonstmcted. 

JaMCtTCtyptn^  • 

W.  The  deoorapositioQ  and  reducdoa  of  metals,  in  a  state 
of  solution,  by  the  voltaic  batteiy,  has  led  to  some  important 
discoveries  in  the  arts  —  such  as  electrotyping,  electroplat* 
ing,  tee. 

The  experiment  given  in  connection  with  Fig.  49,  page  310,  is  a 
familiar  example  of  dectroplating ;  electrotyping  depen<b  upon  Ihe 
same  principle. 

Fig.  67  represents  a  very  simple  contrivance  for  ob- 
tttning  small  electrotype  casts.  A  is  a  glass  vessel,  in 
which  the  mould  from  which  the  cast  is  to  be  obtained 
is  pkuced.  B  is  a  glass  tube  suspended  withid  the  ves- 
s^  A  by  means  of  a  metallic  ring  de,Xio  which  are 
fixed  three  strips  of  metals.  Tlie  lower  end  of  this 
tube  m  n  is  closed  by  tying  a  piece  of  bladder  over  it. 
The  strip  of  brass  6  c  has  two  binding  screws  h  and  a, 
by  which  the  wires  a  Z  and  (  A  are  secured ;  the  low- 
er extremities  of  these  wires  carry  the  substances  Z 
and  kt  which  act  as  the  electromotors  or  voltaic  plates 
constituting  the  simple  battery.  Z  is  an  amalgamated  zinc  plate,  sus- 
pended within  the  tube ;  k  is  the  body  from  which  the  cast  is  to  be 
taken,  laid  on  the  spiral-shaped  extremity  of  the  wire  hh;  the  model 
is  the  negative  electromotor,  and  Z  the  positive  electromotor.  *The  large 
glass  A  contains  a  concentrated  solution  of  sulphate  of  copper ;  this  is 
always  kept  in  a  saturated  state  by  having  crystals  of  sulphate  of  cop- 
per suspended  in  it ;  the  tube  B  is  filled  with  diluted  sulphuric  add ;  the 
liquids  should  stand  at  the  same  level  in  both  vessels.  According  to  this 
arrangement,  the  electric  current  passes  from  the  zinc  Z  to  the  mould 
h;  and  pure  metallic  copper  is  deposited  upon  the  surface  of  the  mould, 
and  in  time  fonns  a  complete  cast  of  the  siurflEuse. 

The  following  particulars  should  be  attended  to  in  making  electrotype 
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otsts:  The  surfkoeB  of  the  originals  should  he  good  oonducton,  tnd  ihef 
should  not  contain  any  suhstances  which  would  he  acted  upon  by  the 
sulphate  of  copper.  The  modd  may  he  of  gypsum,  wax,  or  any  similar 
non-conducting  substance,  provided  the  sux£m»  of  the  modd  be  oorered 
with  a  metallic  coating ;  plumbago  dust  or  bron»  powder,  laid  on  with 
a  camd's  hair  brush,  forms  a  very  good  coating.  A  wax  imprenian 
should  be  first  slightly  moistened  with  alcohol,  and  then  the  black  lead 
should  be  rubbed  over  it  with  a  stiff  brush ;  the  copper  wire  should  then 
be  warmed  and  pressed  into  the  margin  of  the  wax;  the  connection  be- 
tween the  wax  and  wire  should  then  be  made  with  the  black  lead.  A 
coating  of  wax  dissolved  in  turpentine  will  protect  any  part  of  a  coin 
from  any  metallic  deposit.  In  every  dectrotype  cast,  the  devated  por- 
tions of  the  original  will  be  depressed,  and  vice  versa;  in  order,  therefore^ 
to  obtain  exact  fiac-similes  of  the  original,  the  first  cast  must  be  used  as 
a  matrix,  on  which  the  coating  of  copper  must  be  thrown  by  the  dec- 
trotype process. 

Fig.  68  represents  a  more  convenient  arrangement, 
s  is  the  amalgamated  zinc  rod,  suspended  in  the  po- 
roUh  cdl  p,  which  contains  the  diluted  sulphuric  add ; 
e  the  glass  or  earthen  ware  vessd  containing  the  solu- 
tion of  sulphate  of  copper ;  w  the  copper  wire  con- 
nected with  the  zinc  by  a  binding  screw,  and  carrying 
at  its  lower  extremity  the  seal  or  mould  m. 

Fig.  69  represents  another  arrangement,  where  the 
current  is  generated  in  a  distinct  battery  A ;  B  is  a 
distinct  vessd  for  conducting  the  dectrotype  process, 
m  is  a  metal  rod  for  supporting  the  moulds,  and  e 
another  rod  supporting  copper  plates,  which  form  the 
positive  dectromoton ;  x  connects  the  moulds  with  the 
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zinc  in  the  battery,  and  z  connects  the  copper  plates  with  the  copper 
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pUtes  of  the  battery.  The  yessel  B  contaiiis  two  parts  of  saturated 
solution  of  sulphate  of  copper  and  one  part  of  sulphuric  acid  diluted 
"with  about  seven  parts  of  water.  The  action  which  takes  place  is  sim- 
ply as  foUows :  the  copper  is  consumed  from  the  plates  c,  and  deposited- 
on  the  moulds  m  ;  so  that  the  copper  solution  in  the  yessel  B  remains 
unchanged  in  its  strength  from  the  commencement  to  the  close  of  the 
process* 

ELECTROPLATING    EXPEEiaiENTS. 

II.  Exp,  1.  Place  a  small  plate  of  clean  platinum  foil  in  a  saucer,  and 
pour  oyer  it  a  solution  of  sulphate  of  copper,  coyering  it  to  the  depth 
of  about  a  sixteenth  of  an  inch ;  touch  the  platinum  plate  with  a  point- 
ed strip  of  bent  zinc,  the  other  end  of  which  is  kept  in  the  liquid ;  dif- 
ferent colored  rings  of  metal  will  be  formed  upon  the  platinum  plate. 

Easp.  2.  The  brilliancy  of  the  depositions  will  be  much  increased  by 
using  a  constant  battery  of  three  or  four  pairs  of  cells. 


PBOTECTION  OP  METAL  PLATES  BT  VOLTAIC  CURRENTS. 

12.  Yokaic  currents  not  only  affect  combinations  and  de- 
compositions, but  they  may  also  be  employed  for  impeding  or 
arresting  certain  decompositions  which  would  otherwise  take 
place  by  the  ordinary  laws  of  chemical  affinities.  Thus,  for 
example,  Davy  protected  the  copper  bottoms  of  ships  from 
the  corrosion  of  the  salt  water  by  connecting  plates  of  zinc 
with  the  copper  sheathing.  In  order  to  protect  a  metal  from 
the  chemical  action  of  an  acid  or  a  saline  solution,  it  is  only 
necessary  to  combine  the  metal  with  some  other  metal  in  the 
fluid,  which  shall  act  as  the  positive  electromotor. 

Exp,  I.  Place  a  copper  plate  in  a  saucer ;  pour  some  diluted  sulphuric 
acid  upon  it :  then  the  metal  will  be  violently  acted  upon  by  the  add ; 
now  touch  the  copjier  with  a  strip  of  zinc,  and  the  action  on  the  copper 
will  be  instantly  arrested ;  the  action  will  now  be  transferred  to  the  rinc, 
and  the  copper  will  remain  unaffected  by  the  add,  until  the  whole  of  the 
sine  be  dissolved. 
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LUMINOUS   AND   HEATING  EFFECTS   OF  VOLTAIC 
ELECTRICITY. 

18.  -The  most  brilliant  of  all  the  effects  of  roltaic  cloctridty  is  tfa# 
arch  of  electrical  light  evolved  between  two  charcoal  points.  This  pha- 
nomenon  may  be  exhibited  with  about  a  dozen  pairs  of  Grove's  or  Bun- 
sen's  battery.    Tins  experiment  may  be  most  conveniently  performed  by 
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fixing  charcoal  points  (pieces  of  graphite  answer  best)  to  the  rods  «f  • 
universal  discharger,  llie  poles  of  the  battery  are  respectively  connected 
"nith  the  extremities  of  the  rods,  as  shown  in  Fig.  70,  where  the  arch 
A  B  represents  the  form  of  the  voltaic  light.  The  points  must  be  first 
brought  into  contact  with  each  other,  and  then  gradually  withdrawn 
until  the  arch  attains  its  most  brilliant  appearance ;  the  length  of  the 
arch  of  course  varies  with  the  power  of  the  battery ;  that  is,  with  bat- 
teries of  average  power,  from  three  quarters  of  an  inch  to  about  an  inc)i 
and  a  half.  This  arch  of  flame  is  .not  produced  by  combustion,  for  it 
may  be  exhibited  with  equal  brilliancy  in  a  vacuum,  and  even  Ukm 
place  under  water. 

The  intense  heat  of  this  electric  arch  will  ignite  the  most  refractory 
substances. 

Ezp.  1.  Amalgamate  the  ends  of  the  polar  wires;  bring  them  near 
together,  while  the  battery  is  in  action ;  a  white  starlike  spark  will  be 
Been,  accompanied  with  a  cracklmg  noise  similar  to  the  emission  ol  • 
iSeeble  spark  of  frictional  electricity. 

Exp,  2.  The  spark  obtained  from  Ihese  amalgamated  points  may  be 
Been  under  water,  or  in  the  flame  of  a  candle.    ' 

Exp,  3.  Immerse  one  of  the  wires  into  mercury,  and  bring  the  end 
of  the  other  wire  near  the  surface  of  the  fluid ;  a  spark  is  emitted  just 
before  the  wire  touches  the  mercury,  leaving  a  small  black  speck  upon 
its  surface. 

Exp.  4.  Coat  the  ends  of  the  polar  wires  with  -eoot,  by  holding  them 
for  a  short  time  in  the  flame  of  an  oil  lamp ;  the  sparks  obtained  foom 
these  coated  wires  will  be  much  stronger  and^brighter. 

The  power  of  a  voltaic  battery,  as  we  have  already  shown, 
is  roughly  estimated  by  the  heat  which  it  produces  in  a  given 
conducting  wire.     The  temperature  to  which  a  conducting 
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wire  will  be  raised  by  a  battery,  depends  upon  the  length  and 
thickness  of  the  wire,  as  well  as  upon  the  nature  of  the  metaV 
whether  or  not  it  is  a  good  or  a  bad  conductor  of  electricity. 
Short  fine  wires  become  most  heated,  and  of  all  metallic  wires, 
platinum,  being  the  worst  conductor  of  electricity,  becomes 
most  powerfully  heated  by  conducting  the  electric  fiuid 

The  calorific  effect  appears  to  depend  more  upon  the  size 
pf  the  plates  than  upon  the  number  of  pairs ;  that  is  to  say, 
it  depends  upon  the  quantity  of  the  electric  fluid  evolved* 
rather  than  upon  its  intensity  or  tension. 

The  calorific  effects  of  the  voltaic  battery  may  be  most 
eoDveniently  shown,  by  stretching  the  wires  to  be  heated  be* 
tween  the  extremities  of  the  rods  of  the  oniversal  discharger. 
(See  Fig.  70.) 

Exp,  1.  To  show  the  heating  power  of  a  battery.  Stretch  a  piece  of 
fine  Bted  wire  between  the  poles  of  the  battery ;  the  wire,  if  it  is  not  too 
long,  will  instantly  become  powerfully  incandescent.  If,  on  the  first 
trial,  the  wire  only  presents  a  dull  heat,  gradually  reduce  the  length  of 
the  wire,  until  it  glows  with  a  white  heat ;  reduce  the  length  of  the 
wire  a  little  more ;  then  it  will  be  first  fus^  and  then  ignited. 

The  same  experiment  may  be  performed  with  platinum  or  silver  wire. 

Exp,  2.  Ether,  alcohol,  phosphorus,  gunpowder,  &c.,  may  be  readily 
ignited  by  making  the  hot  platinum  connecting  wire  to  pass  through 
them,  or  to  touch  some  portion  of  them. 

Exp,  3.  If  the  platinum  wire  be  conducted  through  a  small  portioQ 
of  water,  it  will  speedily  boil. 

PHTSIOLOGICAL   EFFEClia   OF  YOLTAIO   ELEGTRICITT. 

14.  The  relation  between  voltaic  action  and  the  nervous 
system  of  animals  was  very  carefully  investigated  at  a  very 
early  stage  of  the  history  of  voltaic  electricity. 

The  peculiar  nature  of  this  relation  is  explained  at  page 
803,  when  a  small  battery  is  employed.  But  with  large  bat- 
teries the  effects  are  truly  surprising.  Dr.  Ure  thus  de- 
scribes his  experiments  upon  the  body  of  a  full-grown  man, 
fifteen  minutes  after  death.  Upon  applying  one  of  the  polar 
wires  to  the  forehead,  and  the  other  to  the  heel,  every  muscle 
28 
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in  his  oountenance  was  simultaneoaslj  thrown  into  fearfnl 
action ;  rage,  horror,  despair,  anguish,  and  ghastly  smiles 
united  their  hideous  expression  in  the  murderer's  face.  At 
this  period,  several  of  the  spectators  were  forced  to  leave  the 
apartment  from  terror  and  sickness,  and  one  gentleman 
fainted. 

The  phTsiological  effects  of  voltaic  electricity  appear  to 
depend  upon  intensity,  rather  than  upon  quantity ;  that  is  to 
say,  upon  the  number  of  pairs  in  the  battery,  rather  than 
upon  their  extent  of  surface. 

The  effect  of  the  voltaic  shock  is  much  increased  by  at- 
taching copper  cylinders  to  the  extremities  of  the  conducting 
wires,  and  also  by  dipping  the  hands,  by  which  the  shock  is 
received,  in  water  slightly  acidulated. 

The  magnetic  effects  of  voltaic  electricity  are  so  various 
and  interesting,  that  they  have  been  treated  as  a  distinct 
branch  of  electrical  science,  called  EUctro-DyTMrnics. 


ELECTRO-DYNAMICS. 


ELECTRO-MAGNETISAL 

1.  It  has  already  been  shown  (£zp.  9,  p.  807)  how  a  steel 
needle  may  be  magnetized  by  passing  a  yoltatc  current 
through  a  wire  helix.  When  a  helix  is  wound  to  the  right,  or 
in  the  direction  of  a  corkscrew,  it  is  called  a  right-handed 
helix,  as  shown  in  Fig.  71,  and  when  the  helix  is  wound  in 

Fiff.  71.  -FV^.  72. 

the  contrary  direction,  that  is,  to  the  left,  it  is  called  a  left' 
handed  helix,  as  shown  in  Fig.  72.  Helix  wires  should  be 
formed  of  copper  wire,  covered  with  silk,  for  the  purpose  of 
insulating  them. 

When  a  needle  is  magnetized  hg  a  current  passing  through 
a  right-handed  helix,  or  a  corkscrew  helix,  the  south  pole  of 
the  needle  is  always  at  the  extremity  through  which  the  cur^ 
rents  enter;  that  is  to  say,  at  the  extremity  that  is  in  connec- 
tion with  the  positive  electricity.  On  the  contrary,  when  a 
needle  is  magnetized  by  a  le/t-handed  helix,  the  north  pol^  is 
at  the  extremity  which  is  in  connection  with  the  positive 
electricity. 

These  facts  are  in  exact  accordance  with  Ampere's  theory  of  magnet* 
iBm,  (see  p.  301 ;)  for  the  electric  current  mores  round  the  magnetic 
bar  in  precisely  the  same  manner  as  the  magnetic  current  is  supposed  to 
do  in  ^t  theory,  thereby  showing  that  the  electric  current  which  in- 
duces the  magnetic  condition  is  equivalent  to  the  magnetic  current  upon 
which  the  ordinary  magnetic  condition  is  supposed  to  depend. 

Let  S  N  (Fig.  78)  be  a  right-handed  heliz,  that  is,  a  eorkscrew  helix, 
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through  which  the  dectric  cmrent  enten  at  S,  and  passes  oat  at  N ; 
then,  from  what  has  been  said,  the  helix  will  become  a  magnet,  haying 
the  extremity  8  for  its  south  pole,  and  N  for  its  north  pole.  This  may 
be  tested  experimentally  by  using  De  la  Rive's  ficqting  h€ftUry.  The 
extremities  of  the  helix  are  ooonccted  with  zine  and 
copper  plates  Z  and  C,  fixed  in  a  piece  of  cork,  so  as 
to  make  the  whole  apparatus  to  'float  in  a  strongly 
acidulated  liquid.  This  float  battery,  like  the  floating 
needle,  will  place  itself  in  the  north  and  south  direc- 
tion of  the  needle;  the  extremity  8,  through  which 
the  current  enters,  will  be  directed  to  the  south. 

The  author  has  fimnd  the  following  form  of  this  apparatnt  to  be  frrj 
eoDTeniait  in  practice.  ^  ^ 

B  is  a  deal  board,  baring  two 
concentric  grooves  £  and  F  cut  in 
it,  and  filled  with  mercury;  the 
wires  N  and  M  connect  the  mer- 
cury in  these  grooFes  with  the 
binding  screws  C  and  Z,  to  which 
the  poles  of  the  battery  are  at- 
tached ;  8  X  is  a  corkscrew  helix 
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surrounding  a  soft  bar  of  iron  ;  one  extremity  of  the  wire  dips  into  the 
mercury  of  the  groove  F,  and  the  other  into  that  of  the  groove  E ;  the 
8(^  iron  bar,  with  its  helix,  turns  upon  the  pivot  A.  When  the  positive 
pole  of  the  battery  is  fixed  to  the  binding  screw  C,  and  the  negative 
pole  to  the  binding  screw  Z,  the  helix,  with  its  soft  iron  bar,  becomes  an 
actual  magnetic  needle,  and  will  settle  itself  in  the  direction  of  the 
magnetic  meridian,  the  extremity  8  being  directed  to  the  south,  and  the 
other  extremity  N  to  the  north. 

If  the  soft  iron  bar  be  taken  away,  and 
a  steel  needle  be  inserted  in  its  place,  the 
needle  will  be  magnetixed,  having  the  ex- 
tremity towards  8  a  souA  pole,  and  the 
extremity  towards  N  a  north  pole. 

Fig.  75  represents  another  form  of  the 
floating  battery,  where  the  copper  and 
zine  plates  are  immersed  in  a  glass  tube, 
filled  with  the  diluted  sulphuric  addt  and 
the  whole  is  made  to  float  in  a  vessel  of 
water. 

Electro-magnets  of  immense  power  may 
be  fbnaid  by  ToUaic  helioas. 
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Tke  EUetrO'Magnetj  or  $oft  iron  Horseshoe  Magnet. 

2.  Fig.  76  represents  an  dectro-magnet ;  M  is  the  soft  iron  bent  in 
the  form  of  a  horseshoe  magnet;  P  and  N  are  the  eKtremities  of  the 
helix  of  covered  copj^  wire,  suirounding 
the  bar  in  the  manner  just  described ;  K  is 
the  keeper  of  the  magnet,  iiom  which  a 
heavy  weight  may  be  suspended,  to  show 
the  power  of  the  magnet.  When  the  ex- 
tremities, P  and  N,  are  conneeted  with 
the  poles  of  a  single  pair  of  any  of  our 
■  constant  batteries^  the  soft  iron  instantly 
becomes  a  very  powerful  magnet,  capable 
of  supporting  a  weight  of  1  cwt.  to  about 
1  ton.  The  moment  the  connection  is 
broken,  the  magnet  loses  its  power.  The 
wire  intended  to  form  the  coil  is  cut  into 
several  portions,  and  is  coiled  separately  pi^  76. 

on  the  iron,  and  then  all  the  corresponding 
extremities  are  collected  into  parcels,  which  ais  soldqed  to  a  thick  waxe^ 
which  communicates  with  the  pole  of  the  battery.  By  this  airang* 
ment,  the  current  is  divided  into  a  series  of  short  branches,  which,  col- 
lectively, communicate  with  the  poles  of  the  battery  by  a  shortt  strong 
wire;  tMs  gives  energy  to  all  the  coils,  and  thereby  increases  the  power 
of  the  electro-magnet. 

These  teqaporary  magnets  have  been  called  electro-mfignets, 
to  distinguish  them  from  permanent  st^pl  iBa|;nets,  and  eketric 
helices  just  described. 


Rotating  Magneis. 

3.  The  rotating  magnet,  invented  by  Dz.  Bichie,  is  represented  in  Fig. 
77.  In  this  instrument,  a  permanent  rotatory  motion  is  given  to  an  electro- 
magnet c,  upon  <i  vertical  pivot,  by  means  of  the  alternate  attraction  and 
repulsion  of  the  poles  N  and  S,  of  a  permanent  horseshq^  magnet.  In 
order  to  produce  this  continuous  rotation,  it  is  requisite  that  the  poles  of 
the  electro-magnet  should  be  reversed  at  every  time  they  pass  the  poles 
of  the  permanent  magnet ;  this  is  effected  by  a  very  simple  and  elegant 
artifice :  a  6  is  a  wooden  cup  of  mercury,  divided  into  two  compart- 
ments by  a  bridge  or  partition  of  wood,  in  a  line  with  the  poles  N  and 
8,  whose  upper  edge  is  a  little  below  the  exterior  edge  of  the  cup;  so 
28  • 
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Fig.  77. 


that  when  the  two  compartments  are  filled  with  mercury,  the  coheaiosi 
of  the  particleB  of  the  fiuid  causes  it  to  stand  a  little  higher  than  the 
level  of  the  top  edge  of  the  partition ;  the  two  extremitieB  of  the  hdix 
dip  a  little  into  the  mercury  without  reaching  to  the 
level  of  the  top  of  the  partition,  so  that  {he  electro- 
magnet may  freely  revolve  upon  its  vertical  pivot ;  the 
mercury  in  one  of  the  compartments  is  connected  with 
the  positive  pole  of  a  small  battery,  and  the  other  com- 
partment with  the  negative  pole ;  by  this  ocmtrivanoe^ 
the  poles  of  the  electro-magnet  are  reversed  at  every 
time  the  dipping  wires  cross  the  'partition,  and,  conse- 
quently, if  the  poles  of  the  permanent  magnet  attract 
the  poles  of  tl^  electro-magnet  in  any  given  position, 
they  will  be  repelled  the  moment  the  dipping  vrires 
have  crossed  over  the  partition,  and  thus  the  contin- 
uous rotation  is  sustained. 

The  following  is  a  brief  description  of  a  rotatory 
magnet  invented  by  the  author  some  twenty  Tears  ago,  and  employed 
by  him  in  an  extended  form  as  a  magnetic  engine,  capable  of  yielding 
about  a  quarter  of  a  horse  power. 
«N  S  is  the  electro-magnet,  turning 
upon  a  horizontal  axis  A  B ;  N  F 
and  S  £  are  the  terminal  wires  of 
the  coil;  each  of  them  forks  off 
into  two  branches,  F  H,  F  J,  and 
£  K,  and  £  G ;  the  extremities 
of  the  wires  are  connected  with 
metal  segments,  H,  J,  K,  and  G, 
attached  to  the  ivory  wheels  A  and 
B,  fixed  to  the  common  axis  A  B ; 
the  drciunferences  of  these  seg- 
ments are  placed  concentric  with 
the  axis  of  motion,  and  their  edges  dip  into  mercury  placed  in  the  cups 
L  and  M,  which  are  connected  vdth  the  polesof  die  battery :  by  this 
contrivance  the  poles  of  the  electro-magnet  are  changed  when  one  pair 
of  segments  passes  out  of  contact,  and  another  pair  comes  into  contact, 
with  the  me^pury  in  the  cups.  The  opposite  poTes  of  a  permanent  mag^ 
net  are  placed  in  a  line  with  the  electro-magnet  when  its  position  cor- 
responds with  the  change  of  its  polarity,  as  in  the  case  pf  Richie's 
rotating  magnet. 
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Contact  Breakers.  —  Tekgraphit  Alarm  &IL 

4.  The  two  foregomg  pieces  of  apparatuA  show  how  the  poles  of  an 
clectxo-niagnet  may  be  reversed  bj  changing  the  direction  of  the  Toltaic 
cuxrent.  The  contrivance  represented  in  Fig.  79,  called  a  contact 
breaker,  shows  with  what  rapidity  an  electro-magnet  can  acquire  and 
lose  its  magnetism.  M  is  a  small'  electro-magnet,  the  armature  of 
which,  E,  is  capable  of  oscillating  between  the  two  poles  of  the  magnet 
and  a  stop  at  its  back,  against  which  it  is  pressed  by  a  spring.  The 
conducting  wire  D  coils  round  the  lower  branch  of  Uie  magnet, 
as  shown  in  the  figure,  and  the  other  conducting  wire  C  is  at- 
tached to  the  stop,  and  then  a  wire  passes  from  the  foot  of  the  oscil- 


Fig.  79. 

lating  armature  to  the  extremity  of  the  coil  passing  round  the  upper 
brandi  M  of  the  electro-magnet ;  so  that  the  electric  current  is  com- 
plete when  the  armature  is  in  contact  with  the  stop,  and  it  is  btoken 
when  this  contact  is  destroyed.  The  consequence  of  this  arrangement 
is,  the  dectro-magnet  attracts  the  armature,  which  breaks  the  circuit, 
and  the  magnetism  instantly  cesses ;  then  the  armature^  being  pressed 
back  by  the  spring,  returns  and  strikes  t&e  stop,  which  again  completes 
the  circuit  and  renews  the  magnetism ;  the  armature  is  again  attracted 
by  the  magnet,  and  so  on  with  great  rapidity.  The  acyusting  screws 
F  and  G  enable  the  operator  to  regulate  the  rapidity  of  the  strokes. 

To  fbnn  this  instrument  into  an  alarm  bell,  it  is  only  requisite  to  fix 
a  hammer  to  the  top  of  the  armature  £,  and  to  place  a  bell  within  the 
striking  distance. 


I 


MS 


■ATUBAI.  AMB  9Qfr9MOWn^h  PHIL080PHX. 


:tbe 


fim  mtamtrimg  the  Feree  of  iiagnets. 


—  Tlie  fiaDopwing  w  a  ample  cmitriwance  lor 
tocc  of  an  dediD-iiuigDCt :  N  J  S  is  the  e&tc- 
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tzo-magiiet ;  p  and  m  tibe  landing  lerewi  to  winch  the  poles  of  tlie  bat- 
tery are  fixed;  A  the  feeder  or  annature,  suspended  from  the  extremity 
a  of  a  graduated  lerer  a  b  tunung  on  a  fixed  centre  or  fiilcrum  c;  h  a 
slidmg  hook,  to  which  a  scale  pan  with  weights  may  be  attached.  The 
weights,  put  in  the  scale  pan,  necessary  fer  breahing  the  contact  of  the 
feeder  A,  give  the  data  lor  calculating  the  force  of  the  magnet,  on  the 
simple  principle  of  the  lerer  of  the  fiist  kind. 

Method  of  vibratiom*  —  The  oscillationa  of  a  magnetic  needle,  before 
it  settles  in  its  north  and  south  direction,  follow  the  same  law  as  the 
vibrations  of  the  pendulum.  The  directive  force  of  a  magnetic  needle^ 
therefore,  may  be  measured  by  the  number  of  oflciTlations  that  it  will 
make  in  #  given  time  when  drawn  a  little  to  one  side  of  its  magnetic 
meridian.  When  the  same  needle  is  employed  to  determine  the  directive 
force  at  twp  dilforent  places  on  the  earth,  this  directive  force  varies  as 
the  sqiuures  of  the  number  of  vibrations  performed  in  a  given  time. 

The  vibration  of  the  needle  is  also  employed  to  determine  the  intensity 
of  the  different  points  in  a  magnetic  bar.  In  this  case,  it  is  necessary 
that  an  allowance  should  be  made  for  the  directive  force  of  the  earth. 

According  to  the  experiments  made  by  Coulomb,  the  at- 
tractive forces  of  the  different  points  in  a  long  magnetic  bar, 
as  estimated  from  the  centre  of  the  bar,  increase  in  a  geomet- 
rical progression  as  the  distances  from'  the  centre  increase  in 
arithmetical  progression* 


a 
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8.  The  rimpleBt  way  of  deiag 
this  IB  to  ooU  a  very  stout  oopfvev 
wiie^  oorered  with  silk,  xound  a 
pastdxMffd  tube,  about  18  inches 
long  and  2  inches  diameter.  The 
bar  AB  to  be  magnetised  is  placed 
between  two  soft  iron  cores,  A  Q 
and  B  D,  made  exactly  to  fit  the 
interior  of  the  pasteboard  tube^ 
£  F.  The  whole  is  placed  within 
the  tube^  and  the  extremities  C  and 
Z  of  the  heUx  are  connected  with 
the  poles  of  the  battery :  in  a  short  ^-^  0 ^^ 

time  the  steel  bar  A  B  will  be 
magnetized  to  saturation. 

ON  THE  ACTION  OP  ELECTBIC  AND  MAGNETIC 
CURRENTS. 

7.  In  addition  to  the^  magnetic  effects  of  electrical  currents, 
which  have  just  been  noticed,  the  following  general  laws  of 
electro-dynamics  have  been  established :  — 

General  Lawt  of  EUctro-Dynamic  Action. 

a.  Every  metallic  conductor,  through  which  an  electric 
corrent  passes,  acts  on  magnets  suspended  freely,  and  shows 
magnetic  properties. 

&  Electric  cnrrents  exert  on  eadL  other  infliieacea  like 
those  which  they  exert  on  magnefs. 

e.  A  magnet  aet^  on  an  eledrie  eaxr&at  praotsely  sir  an- 
other current  would  do. 

d.  Electric  currents  in  conductors  in  like  manner  excite 
such  currents. 

i.  Magnets  can  in  like  manner  exeite  electric  cnmats  and 
die  otiier  ^l««txio  infnenaetf  d8pend«ut  on  tti«ak 
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It  most  be  dbsenred,  that  the  eoodition  esseotial  to  these 
effects  is,  that  the  electric  fluid  most  be  in  a  state  of  motion, 
that  isy  it  most  be  in  the  form  of  a  continooos  corrent ;  <mv 
in  other  words,  it  must  be  in  the  cooditiOD  which  is  called 
^fynamic.  There  is  no  actioa  when  the  electrieitj  is  in  the 
ttoHe  or  tension  state. 


ACTION  OF  ELSCTBIG  CUBRnTS  OK  TBB  XAGinCTIC 
HBEDLB. 

8.  Oertie^s  experimaU,  —  Place  tibe  cqndacting  wire  A  B  of  a  bat- 
tery in  the  direction  of  the  magnetic  moidiao,  Tis^  B  towaidi  the  north 
and  A  townda  the  aoiith,  as  shown  in  fig.  82 ;  suspend  a  nesdle  S  N 


Fiff.  82. 

over  the  conducting  wire  A  B,  and  the  north  pole  N  will  be  deflected  ts 
the  east ;  suspend  the  needle  below  the  condncting  wire  A  B»  and  its 
north  pole  will  be  deflected  to  the  west 

The  needle,  therefore,  endeaTors  to  aasmne  a  pontion  pctpendieiilar  to 
the  direction  in  which  the  dectric  cunent  flows. 

Amp^  represented  the  action  of~the  electric  cnxrent  on  a  magnetio 
needle  under  a  fonn  which  is  easily  remembered.  *•  We  hare  imly  to 
conceive  a  man  lying  down  in  the  portion  of  the  circuit  under  consider- 
ation, in  such  a  manner  that  the  cunent  enters  by  his  feet,  and  goes  out, 
consequently,  by  his  head ;  furthermore,  we  have  but  to  oonceire  that 
this  msn  has  always  his  fiuse  turned  towards  the  needle,  so  as  to  look  at 
St ;  then  the  action  is  always  found  to  be  such  that  the  north  pole  of  ths 
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needle  is  deviated  to  the  left  of  this  man.  This  fonnula  comprehends 
all  possible  cases." 

It  is  easy  to  see  that  the  positive  current,  coming  from  the  poeitiTe 
pole  of  the  battery,  passes  along  the  conductor,  and  arrives  at  the  nega- 
tive pole^  and  returns  through  the  plates  of  the  battery  to  the  positive 
pole;  so  that  the  current  has  a  different  direction  in  the  two  parallel 
portions  of  the  circuit*  as  shown  in  Fig.  82. 

All  these  effects  are  perfectly  in  accordance  with  the  theory  of  mag- 
netic action  explained  at  page  301.  The  needle  seeks  to  place  itself  at 
right  angles  to  the  direction  of  the  current,  on  the  principle  that  the 
electric  current  in  the  magnet  seeks  to  place  itself  parallel  to  the  cuxzent 
in  the  wire. 

Galvanometers. 

9.  We  have  explained  the  construction  of  certain  ydltameten  or 
galvanometers  depending  upon  the  calorific  and  chemical  effects  of  the 
voltaic  current ;  but  the  most  perfect  instrument  of  this  kind  is  that 
which  depends  upon  the  magnetic  effects  of  the  cuxxenti 

The  most  simple  magnetic     p     m  * 

galvanometer  is  represented  in    o  q  ^ 

Fig.  83.    A  magnetic  needle     y    V  /ZZZ 

n  «  is  suspended  between  two      '  ^^    ■ 

conducting    parallel  wires  to 

and  W,  terminating  in  the  *^  g« 

mercury  caps  P  and  N.    The 

conducting  wire  is  placed  in  the  direction  of  the  magnetic  meridian,  so 
that  the  needle  has  the  same  direction  as  the  wires.  When  the  poles 
of  the  battery  are  inserted  in  the  cups  P  and  N,  the  needle  is  deflected 
after  the  maimer  described  in  the  finegoing  section.  According  to  this 
arrangement,  the  oonducting  wire  above  the  needle,  as  well  as  the  wire 
below  it,  tends  to  deflect  the  needle  in  the  same  direction,  so  tWr  the 
doable  wires  exactly  doable  the  amount  of  deflection.  Hie  angle  of 
defiectkn  gives  us  a  rough  mode  of  estimating  the  quantity  of  voltaic 
fluid  evolved  by  the  battery. 

But,  instead  of  bending  the  wire  ronnd  the  needle  once,  if  we  bend  it 
twice^  thrice,  or  any  number  of  times,  we  must  obviously  increase  tiie 
deflecting  power  in  the  same  ratio. 
This  constnictioa  is  adopted  in  the 
galvanometer  represented  in  Fig.  84  { 
where  n  «  is  the  needle,  surrounded 
by  a  series  of  coils  of  covered  silk 
ynn,  add.   This  instrument  has  been 
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Tig*  8^  repreBcntB  ft  xncvB  degmt  femi  of  iStkt  instnniicnt  {  iHmr^  ^u 
ooil  of  wire  is  wound  round  a  wooden  frame  fixed  upon  il  stand,  and 
ptotidad  widi  binding  iorewt. 


Fig.  SB. 


Fig.  86. 


NobUTi  gakanometer  muUiplier,  represented  in  Fig.  86«  consists  of  an 
€utatio  needk  (see  p.  800)  suspended  by  a  filament  of  untwisted  silk, 
one  of  the  needles  being  pla<^  within  the  conducting  coaU  the  other 
without  it ;  so  that  the  current  of  dettiicity  tends  to  deflect  both  nee- 
dles in  the  same  direction,  thereby  giving  a  double  power  to  the  instru- 
ment. The  whole  of  the  coil,  together  with  the  needle  and  its  thread 
of  suspension,  is  covered  with  a  glass  shade;  a  and  6,  fixed  to  the  bind- 
ing screws,  are  the  wires  proceeding  from  the  poles  of  the  current,  whose 
power  is  to  be* determined  hy  the  instrument;  the  OLtxemities  of  tha 
wire  ceil,  of  oouxae,  terminate  in  these  binding  soewfc 
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10.  Ampere  discovered  the  following  laws,  according  to 
Ttrhich  electric  currents  act  upon  each  other :  — 

a.  Parallel  cnrrenti  allract  each  other  w^ea  th^  flow^ia 
the  same  di^eelidn. 
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Thus  the  pazallel  'wires  a  h  and  ed,    a. 
represeated  in   Fig.  87>  taransmitting 
currents  in  the  same  direction,  attract    ^  - 
each  other. 


.5 
.4 


Fig.  S7. 


b.  Parallel  currents  repel  each  other  when  they  flow  in 
contrary  directions. 

5 

d 


Fig.BS. 


Thus  the  parallel  wires  a  b  and  e  d,    «— ~ 
represented  in  Fig.  88,  transmitting    ^ 
contrary  currents,  repel  each  other. 

These  laws  are  perfectly  in  accord- 
ance with  the  theory  of  magnetism  explained  at  p.  301. 

In  order  to  establish  these  laws  by  experiment,  the  floating  battery 
represented  in  Fig.  89  may  be  employed.    This  battery  oonsiBts  of  a  pair 
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of  plates,  Tiz.,  platinum  and  amalgamated  zinc,  fixed  to  a  cork  float  A« 
and  having  its  poles  in  connection  with  the  cups  a  and  b  ;  the  wire 
frame  proceeding  from  these  cups  conducts  the  current  as  represented 
by  the  arrows  in  the  figure ;  the  whole  of  this  floating'' battery  is  placed 
in  a  Tcssd  containing  diluted  sulphuric  acid,  Which  acts  as  the  exciting' 
fluid.  To  one  of  the  yertical  blanches  £  F  we  present  a  panJid  wire 
29  -      ' 


i 
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C  D,  travened  by  a  powerful  current  of  electricity ;  then  when  the  cur- 
reuts  flow  in  the  same  direction,  the  wire  £  F  with  its  floating  battery 
^  attracted  by  the  wire  C  D  ;  and,  on  the  contrary,  when  the  cuirent 
iH  the  wire  C  D  flows  in  a  contrary  direction,  the  floating  battery  is  re- 
pelled. 

The  same  laws  hold  true  with  respect  to  angular  currents, 
or  those  currents  whose  directions  are  inclined  to  each  other; 
the  form  of  expression  in  this  case  being  simply,  that  current 
which  are  directed  to  the  same  pointy  or  which  proceed  from 
the  same  point,  attract  each  other,  and  vice  versa,  as  before. 


VARIOUS  MOTIONS  PRODUCED  BY  THE  MUTUAL  ACTION  OP 
MAGNETS  AND  CURRENTS,  AND  CURRENTS  UPON  EACH 
OTHER. 

11.  The  oicittating  eiectrical  ipiral,  represented  in  Fig.  90»  affinds  a 
beautiful  illustration  of  the  attraction  of  parallel  currents. 
A  fine  flexible  copper  spiral  wire  A  is  suspended  from  the 
extremity  of  a  conductor  D,  proceeding  from  the  positiye 
pole  of  the  battery ;  the  lower  extremity  of  this  spiral 
dips  slightly  into  a  cup  of  mercury,  a,  in  which  is  placed 
the  extremity  of  the  wire  C,  leading  from  the  negative 
pole  of  the  battery.  When  the  current  is  complete,  the 
spiral  yibrates  longitudinally ;  for  at  every  contraction  the 
current  is  broken,  and  then  the  weight  of  the  wire  causes 
its  extremity  to  sink  again  into  the  mercury,  and  thus  a  continuous 
oscillation  is  sustained. 

It  has  been  shown  that  a  fixed  or  cloud  current  exert*  a  tangential 
force  upon  the  pole  of  a  magnet 
which  ie  free  to  mote:  thus  let 
A  B,  in  Fig.  91,  repretent  the  di- 
rection of  the  fixed  current,  and  N 
the  pole  of  a  magnet,  ires  to  obey 
the  impulse;  then  the  north  pole  N 
is  impelled  in  the  tangential  direc-    e  p^g^  91^ 

tion  N  «  ;  that  is  to  say,  in  a  direc- 
tion perpendicular  to  the  direction  of  the  current  A  B. 

In  like  manner,  since  action  and  reaction  are  equal  and  contrary,  a 
pole  of  a  magnet  exerte  a  tangential  force  on  a  current  which  ie  frm 
to  move;  thus  the  pole  N  of  a  fixed  magnet  (see  Fig.  92)  will  impel  the 
free  wire  A  B  oonduoting  a  cuzxent  in  the  tangential  diieetiaa  B  a«    j» 
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These  reniHs  are  genenlly  rep- 
resented in  Fig.  93,  where  N  rep-     ^ 
resents  the  north  pole  of  a  magnet, 
C  the  section  of  the  conductor  of 
a  descending  electric  cunent  per-  « 

pendieular  to  the  plane  of  the 
paper ;  then  the  action  of  C  upon 
N  tends  to  move  it  in  the  direction  N  n,  and 
the  reaction  of  the  pole  N  upon  the  wire  C 
tends  to  move  it  in  the  contrary  direction  C  c. 
If^  therefore,  the  pole  N  be  free  to  nfove  round 
the  wire  C,  the  tangential  line  N  n  will  be 
the  direction  of  the  motion ;  and  if  the  con- 
ducting wire  C  be  free  to  move  round  the  pole 
N,  the  tangential  line  C  e  will  be  the  (direc- 
tion of  the  motion. 

Hie  following  rotatory  motions  depend  on 
these  pgJncipleB. 
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2h  mate  the  poh   of  a   magnet   N  revolve  round  a  fixed 
electric  current  C. 

This  was  first  effected  by  Faraday  in  the  following  manner :    A  small 
magnet  N  in  fixed  to  the  lower  part  of  a  ycssel  V,  by  means 
of  a  silk  thread ;  the  veasel  is  filled  with  mercury  nearly  to 
the  top  of  the  magnet ;  C  is  a  conducting  wire  dipping  into 
the  mercury,  and  Z  is  another  conductor  communicating 
with  the  mercury  at  the  bottom  of  the  vessel.    Now,  when 
the  electric  current  is  established,  by  connecting  the  ex- 
tremities of  the  wires  C  and  Z  with  the  opposite  poles  of 
the  battery,  the  pole  N  of  the  magnet  revolves  round  the 
conducting  wire  C.     The  ends  of  the  wires  should  be  ' 
amalgamated  to  insure  metallic  contact.    If  the  current  is    Fig.  94 
descending,  that  is,  if  C  be  connected  with  the  positive 
pole  of  the  battery,  and  if  N  be  a  north  pole,  its  motion  round  the  wire 
will  be  direct,  that  is,  in  the  direction  of  the  hands  of  a  watch ;  and  so 
on,  vice  vend* 


To  make   a  movable   wire   A  B,  traversed  hy   a   current^ 
'  revolve  round  the  pole  'N  of  a  fixed  magnet. 

Here  the  wire  A  B  is  suspended  from  the  wire  C  by  a  loop,  and  dips 
into  the  mercury  in  the  vessel  V ;  when  the  circuit  is  cstabliahedy  by 
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oonnecting  the  wires  C  and  Z  with  the  tfwrtlw  poln  of  Ite 
the  eonducting  wire  ie?ol9«e  loiiiid  the  pole  N  of  the  migiiet. 

If  the  ciurent  be  deeoending,  and  N  ha  the  noith  pol»  of 
the  rotatian  will  be  direct. 

These  two  rotations  may  li  ezhifaiteA  iA  esi  pftMi  nB 
represented  in  Fig.  96,  where  m  Atycsarts  the  Mf«hittg 
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which  is  best  made  with  a  sewing  needle ;  fp  the  revolving  Win;  c  the 
positive  pole  of  the  battery;  and  g  the  negBtiv«  pole.  When  the  north 
poles  of  the  magnets  are  both  turned  upwards,,  the  rotations  take  place 
in  the  directions  of  the  arrows,  as  shown  in  the  figure.  Keverse  the 
direction  of  the  electric  current,  and  the  rotations  will  be-revened. 


AmpMs  rotatian  of  a  current  about  the  poU  of  a  magnet. 

On  the  two  poles  N  and  S  of  a  permanent 
horseshoe  magnet  are  placed  two  cells  of  copper,  a^ 
(ace  en  on  N,  and  e  sz  an  on  S;)  bd,bd, 
are  copper  wires  attached  to  cylinders  of  amal- 
gamated zinc,  which  dip  into  the  diluted  sul- 
phuric add,  filling  the  cells ;  these  zinc  cylinders 
turn  on  pivots  at »  e;  the  zinc  cylinders  revolve 
round  the  respective  poles  of  the  magnet  in  con- 
trary directions ;  that  is,  in  the  directions  indi- 
cated by  the  arrows. 

Fig,  97. 
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Kg.  98  fepraMnts  a  dight  modificatiaii  of  the  foregoixig;  bere  the 
copper  cell  turns  upon  a  piyot,  as  well  as  the  zinc  cylinder;  and  fcr  an 
obvlUis  xetioii  they  xevolTe  in  contrary  directioos. 


ELECTRO-DYNAMIC  INDUCnON. 

12.  Faraday  waa  the  first  philosopher  who  discovered 
.  the  laws  of  electro-dynamic  induction.  He  showed  that  an 
electric  current,  or  a  magnet,  is  able  by  induction  to  develop 
at  a  distance  electric  currents  in  a  conducting  wire ;  in  the 
same  way  as  common  electricity  electrizes  an  insulated  con- 
ductor by  induction* 

Exp.  \,  To  show  the  induction  of  a  current  by  magnetasm.  Take 
the  coil,  represented  in  Fig.  81,  and  place  its  extremities  C  and  Z  in 
coniiection  with  the  respectiye  Wti^iirg  screws  of  a  galvanometer ;  sud- 
denly insert  a  strong  cylindrical  magnet  within  the  coil,  and  the  needle 
wOl  be  instantly  deflected,  but  it  will  almost  immediately  return  to  its 
original  position ;  suddenly  withdraw  the  magnet,  and  the  needle  will 
be  deflected  in  the  opposite  direction. 

Thus  it  appears  that  the  induction  of  the  current  acts  only 
at  the  instants  of  application  and  withdrawal  of  the  magnet. 

TIas  o^lains  the  principle  on  whu^  CIsiIl's  magnet(>-d6ctzio  mad^ 
acts.  29* 
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Baep*  2.  Attach  small  copper  cylinden  near  to  the  reqpectiTe  extremi- 
tiea  of  the  wire  C  and  Z ;  and  place  a  bundle  of  soft  iron  rods  (insolated 
from  each  other  by  a  coating  of  shell  lac)  into  the  coil ;  connect  the 
wires  C  and  Z  with  the  poles  of  the  battery ;  hold  the  copper  cylinden 
in  the  hands,  and  suddenly  withdraw  one  of  the  wires  from  the  pole  of 
the  battery,  and  a  pretty  powerful  electric  shock  will  be  felt,  and  at  the 
same  time  a  spark  will  be  given  off  from  the  point  of  the  wire ;  at  the 
moment  of  restoring  the  contact,  another  shock  will  be  felt. 

The  current  produced  in  these  experiments  is  called  a  primmry  cmrmU; 
a  »9ctmdainf  emrrmU  is  produced  in  the  following  manner :  — 

Over  the  coil  of  wire  described  in  the  foregoing  experiments,  let  an 
exactly  similar  coil  be  formed  upon  it ;  let  Hg.  99 
represent  this  double  coil,  where  a  and  b  are  the 
ends  of  the  first  or  primary  coil,  e  and  d  the  ends 
of  the  second  or  secondary  coiL  Connect  the  ends 
a  and  h  with  the  poles  of  a  battery,  and  the  ends 
e  and  d  with  a  galyanometer ;  then  the  needle  will 
be  instantly  deflected,  showing  that  a  secondary 
current  had  been  induced  in  the  second  coil  by  the 
primary  current  in  the  first  coil;  suddenly  take 
away  one  of  the  wires  from  the  cup  of  the  galra- 
nometer,  and  the  needle  will  be  deflected  in  the 
opposite  direction.  The  induced  currents  only  exist  far  an  ^n^f^tit,  yiz., 
at  the  instant  of  making  or  of  breaking  the  contact. 


Fig.  99. 


UAGKETO-ELECTRIO  MACHINES. 

13.  One  of  the  most  simple  machines  of  this  kind  is  represented  in 
Fig.  100.  J  J  is  a  sectional  representation  of  a  double  induction  spiral; 
r  r  the  wooden  hollow  roller  on  which  the  primary  coQ  of  ttout  copper 
wire  a  a  is  wrapped ;  h  b  the  secondary  coil 
of  fine  wire  surroimding  the  first  coil ;  m 
the  bundle  of  iron  wires  placed  in  the  hol- 
low axis  of  the  coils,  and  projecting  with 
its  lower  pole  a  little  beyond  the  wooden 
cylinder ;  one  end  z  of  the  wire  of  the  pri- 
mary coil  is  connected  with  one  pole  of  a 
constant  battery,  and  the  other  end  y  hfx 
of  the  wire  of  the  primary  coil  with  the 
other  pole  of  the  battery;  that  portion  of 
the  conductor  p  h  ef,  between  the  two  binding  screws  y  and  x,  acts  as 
the  contact  breaker.    This  eontad  breaker  is  constructed  as  fiillows  :  it 
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18  soldered  at  /  to  a  flexible  plate  screwed  to  l^e  rod  proceeding  from 
the  binding  screw  x;  eia  &  plate  of  soft  iron,  soldered  to  the  conducting 
wire,  exactly  under  the  electro-magnetic  rods  m  ;  at  A,  the  conducting 
wire  is  bent  downwards,  and  terminates  with  a  hammer,  having  a  plat- 
inum point,  which  rests  upon  a  copper  plate  or  anvil  p»  When  the 
hammer  A  is  in  contact  with  the  anvil  p,  the  electrical  current  is  com- 
plete, and  the  soft  iron  wires  m  become  powerfully  magnetized  by  the 
primary  current ;  the  magnet  then  attracts  the  plate  0,  and  breaks  the 
contact,  the  rods  instantly  lose  their  magnetism,  and  then  the  hammer 
h  falls  upon  the  anvil  m,  and  thereby  again  restores  the  electrical  cur- 
rent ;  and  so  on.  This  process  goes  on  with  great  rapidity,  so  long  as 
the  connection  of  the  wires  2  and  y  with  the  poles  of  the  battery  is 
maintained. 

Vivid  sparks  are  emitted  between  the  hammer  and  the  anvil,  every 
time  the  connection  is  broken  or  made. 

Substances,  to  be  subject  to  the  action  of  the  electric  current,  must  be 
^  interposed  between  the  binding  screws  x  and  y  ;  thus  the  thermal,  chem- 
ical, magnetizing,  and  physiological  effects  may  be  observed  at  the 
instant  the  contact  of  the  hammer  with  the  anvil  is  broken  or  destroyed. 
.But  the  secondary  current  is  that  which  should  be  used  for  pro- 
ducing the  shocks  or  physiological  effects.  For  this  purpose,  the  ex- 
tremities of  the  vnre  forming  the  secondary  coil  6  6  are  soldered  to  small 
copper  cylinders,  and  these  are  held  in  the  hands  of  the  person  wishing 
to  receive  the  shocks,  one  cylinder  in  each  hand.  A  rapid  succession  of 
shocks  is  felt,  for  the  effect  takes  place  at  every  time  the  contact  of  the 
hammer  with  the  anvil  is  broken  or  renewed. 

.  This  machine  has  been  constructed  in  varipus  forms ;  sometimes 
Kichie's  rotating  magnet  is  used  for  breaking  and  renewing  the  connec- 
tion of  the  conducting  wire  of  the  primary  coil  with  the  poles  of  the 
battery. 

Faradatfs  MagneUheUctric  Machine. 

14.  The,  first  machine  of  tins  kind  was  constructed  by  Faraday,  as 
shown  in  Fig.  101.  It  is  thus  described  by  Brand  in  his  Manual  of 
Chemistry. 
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C  if  a  copper  plate,  to  mounted  as  to  admit  of  refolTing  oa  its  axis; 
«  •  are  the  poles  of  a  powerful  IxirBeslioe  magnet,  so  placed  as  to  admit 
of  the  revolution  of  the  plate  between  them ;  tow^nre  conducting  wires, 
one  of  which  is  retained  in  metallic  contact  with  the  axis,  and  the  other 
with  the  rim  of  the  plate,  at  the  point  between  the  poles  n  «.  These 
wires  are  connected  with  the  galyanometer  g.  When  the  copper  plate  la 
made  to  rerolye  ftom  right  to  left,  a  ciirrent  of  electricity  is  poroduced  in 
the  direction  of  the  arrows,  and  deflects  the  galvanometer  aooording^y. 


ClarV»  MagneUhdectric  Machine. 

15.  Pixii  first  made  a  machine  of  this  kind,  which  was  successively 
improved  by  Saxton  and  Clark.  The  arrangement  adopted  by  Clark  is 
thus  described  by  M.  Becqu6rel  in  his  treatise  on  Electricity. 

A  (Fig.  102)  represents  a  series  of  six  magnetized  ^ars  of  steel,  bent 
into  a  horseshoe  form,  arranged  vertically,  and  supported  by  four  screws 
fixed  to  the  board  B,  two  of  which  are  seen  at  M  N,  (Fig.  103.)  A 
thick  bar  of  brass  C  is  pierced  in  its  centre  by  an  opening,  into  which 
passes  a  bolt  with  a  nut  for  the  purpose  of  securing  the  magnet  against 
the  board  B.  By  this  arrangement  the  magnet  may  be  easily  removed 
without  disturbing  the  rest  of  the  apparatus.  D  represents  the  arma- 
ture of  a  double  cylinder  of  soft  iron  G  F,  which  is  fixed  to  a  brass 
screw  placed  between  the  polos  of  the  battery  A.  This  piece  is  set  in 
motion  in  the  manner  indicated  in  Fig.  103,  by  means  of  the  wheel  E 
of  an  axis  of  rotation  and  an  endless  cord.  On  each  cylinder  is  rolled 
a  helix  of  fine  copper  wire,  coated  with  silk,  and  about  800  yards  in 
length.     One  of  the  ends  of  each  helix  is  soldered  to  the  armfltmef 
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two  b«e«k«pieQ«  H.    K  tepmeatB  »  koUow  fanM  qrlinaer,  to  whi^  ti 
■nWw  d  0—  rf  tht  fca>  cada  of  the  hcUcM,  t»d  whidi  is  icpgated  ftwa 
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tbfr  nd  by  UMBS  of  a  pieee  of  bird  wood  vesliiif  on  it ;  the  other  end 
of  the  hdieet  »  in  commnniiation  with  the  rod.  O  is  an  iron  wire 
Wfmg  to  eiacsse  a  prssouaro  agabst  the  hollow  cylinder  K,  with  which 
It  is  in  HetaUn  eontae^  by  means  of  a  screw  fixed  in  the  brass  plate  M. 
P  rspstseats  a  square^  vertical  brass  rod,  fitted  mto  the  brass  plate  N* 
Q  is  a  metal  spring*  exercising  a  feeble  pressure  on  the  break  piece  H : 
it  ia  held  in  metalBc  contact  by  means  of  a  binding  screw.  T  is  a  cop- 
per wire  for  making  commonication  between  the  brass  plates  M  N.  By 
means  of  thsa  ansngement,  these  various  parts  D,  H»  Q,  P,  K»  are  in 
connection  with  one  of  the  ends,  and  K  and  M  with  the  two  other  ends. 
It  is  very  evident  that^  as  die  spong  Q  presses  gently  on  the  break-piece 
H»  the  efibctft  aio  regular  •  »  •  .  It  ia  very  neoessary  that  tiie  fareak« 
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M  N.  Two  tubes  A  are  filled  with  water,  and  then  placed  over  the 
platiniim  wirea,  where  they  are  supported  by  a  cork.  The  two  plates  of 
platinum  C  and  D,  which  are  connected  by  copper  wires  with  M  and  N» 
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are  for  showing  the  effects  of  electro-chemical  decompositions.  Por  this 
purpose,  a  piece  of  litmus  or  turmeric  paper,  previously  moistened  with 
a  neutral  salt,  is  placed  between  the  disks.    In  the  place  of  the  two  pre- 
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ceding  helices  and  their  accessories,  which  he  calls  the  intensity  arma" 
ture,  because  the  current  obtained  is  from  electricity  of  high  tension,  Mr. 
Clark  employs  a  quantity  armature,  formed  of  less  powerful  cylinders, 
and  with  a  copper  wire,  covered  with  silk,  only  45  yards  long,  the  diam- 
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etcr  of  vluch  is  8;reater.  Fig.  105  represents  the  apparatus  fainishf4 
"With  this  new  armature.  A  is  the  horBeshoe  magilet,  J)  the  armature^ 
P  and  G  the  two  helices.  Attention  must  be  paid  that  the  qving  quits 
the  break-piece  at  the  moment  when  the  piece  is  Tertical,  for  then  it  is 
that  it  is  in  a  neutral  position  relatiye  to  the  poles  of  the  magnet.  To 
fuse  iron  wire  with  bright  srintillations,  one  end  of  |he  wire  is  ronnertwi 
with  the  end  P,  and  the  other  end  is 
gently  pressed  on  the  rotating  armature  o 
D.  If  we  wish  to  obtain  sparks  of  dif- 
ferent colors  by  the  employment  of  dif- 
ferent metals,  the  break-piece  is  taken 
away,  and  the  piece  of  copper  B  (Fig. 
106)  is  substituted.  In  its  open  part  is 
introduced  a  piece  of  any  metallic  wire 
C,  gold,  for  example ;  the  extremity  of 
the  spring  G  is  also  of  gold.  On  mak- 
ing the  apparatus  rotate,  puiple-colored  jp^,  106. 
sparks  are  obtained. 


THERMCV-ELECTRICrrY. 

16.  The  electricity  which  is  developed  bj  heat  is  called 
thermo-electricity.     When  two  different  metal  rods,  such  as 
copper  and  platinum,  or  antimony  and  bismuth,  are  soldered  * 
together,  and  heated  at  the  part  of  junction,  electricity  is  gen- 
erated. 

Exp.  1.  Twist  the  end  of  a  copper  wire  roimd  one  end  of  a  platinum 
wire ;  place  the  other  extremities  in  connection  with  the  binding  screws 
of  a  galvanometer;  heat  the  twisted  extremities  with  the  flame  of  a 
spirit  lamp ;  the  needle  of  the  galvanometer  will  be  instantly  deflected. 

Exp,  2.  Fix  two  copper  wires  into  the  binding  screws  of  a  galvanom- 
eter; heat  the  free  end  of  one  wire  with  the  flame  of  a  spirit  lamp; 
bring  the  free  end  of  the  other  wire  into  contact  with  this  heated  wire; 
the  needle  will  be  instantly  deflected,  thereby  showing  the  existence  of 
an  electric  current.  It  is  desirable  that  the  end  of  the  wire  which  is  to  be 
heated  should  terminate  with  a  small  plate. 

Exp.  3.  The  simple  apparatus  represented 
in  Fig.  107  exhibits  the  effects  of  thermo- 
electzicity  in  a  very  striking  manner,  a  b 
c  deiaa.  strip  of  copper,  bent  into  the  form 
shown  in  the  figure,  and  riveted  at  e.    A 
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small  magnetic  needle  ns  in  eospeiided  between  the  pktes.  Heat  the 
free  end  a  of  the  copper  frame  with  the  flame  of  a  spiiit  lamp,  and 
the  needle  will  be  instantly  deflected. 


2%erfno-€lectrie  JBatter%€$. 

17.  These  battcxiea  an  fivmed  by  soldeiing  together  a  fleri^a  of  pain 
of  metal  bars,  as  shown  in  Fig.  1Q8,  where  the  dark  Hnea  xepceaent  the 
ban  of  the  same  kind  of  metal,  and  the  fiiint  lines  those  of  the  other 
kind  of  metal.  Heat  is  applied  at  the  junctions  a  a  a,  while  the  junc- 
tions 6  i  6  are  kept  cooL    The  extreme  ends  a  h  fezm  the  poles  of  the 

h    h    h    h    h    a  h     b        b        b      a 

injuu 

a    a    a    a    a  «       #       a       a 

Fig.  109. 

battery,  which  may  be  connected  with  bmding  screws,  &c.  Bismuth 
and  antimony  are  the  two  metals  most  commonly  used  in  constructing 
these  batteries,  when  the  heat  employed  is  moderate ;  but  if  the  heat  to 
which  the  battery  is  to  be  exposed  is  great,  platinum  and  iron  should 
be  used. 

A  thermo-electric  battery  is  sometimes  used  as  a  thermometer.  Fig. 
109  represents  an  apparatus  of  this  kind,  a  the  tin  or  brass  box  which 
contains  the  thermo-battery  S,  com- 
posed of  bismuth  and  antimony  bars, 
arranged  according  to  the  principle  ex- 
plaint  in  connection  with  Fig.  108 ; 
m  &nd  p  the  binding  screws  connected 
with  the  poles  of  the  battery;  wires 
pass  from  these  binding  screws  to  the 
galvanometer ;  b  and  c  are  the  two  lids 
of  the  box.  When  heat,  in  any  form,  is  applied  at  S,  the  deflection  of 
the  needle  indicates  the  degree  of  temperature  of  that  heat.  This  in- 
strument is  much  used  for  detecting  very  minute  difierences  of  tempera- 
ture. A  good  instrument  will  readily  detect,  by  the  deflection  of  the 
needle,  a  difierence  of  temperature  of  a  hundredth  part  of  a  degree. 


ACTION  or    ELECTBO-1L16NBTS    XJPOZf    DIFFERENT    BODIES. 

18.  All  bodies  which  are  citable  of  being  magnetized  are 
called  magnetic  bodies ;  bat  Faraday  has  rec^tlj  shown  that 
80 
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M  is  the  electro-magnet ;  H  is  an  armature  working  on  the  centre  e ; 
t  is  an  adjusting  screw,  to  limit  the  play  of  the  armature  and  prevent  its 
contact  with  the  electro-magnet  Btp  ;  <l  is  another  adjusting  screw,  to  limit 
its  play  in  the  other  direction ;  t  a  metallic  style*  which  marks  hy  pres- 
sure abandor  ribbon  of  paper  drawn  fixim  the  roll  R,  and  carried  between 
the  rollers  o  and  o' ;  P  the  ribbon  of  paper  discharged  from  the  rollers 
o  o'  after  being  impressed  by  t  with  the  telegraphic  characters ;  I,  6,  &c., 
clockwork  from  which  the  rollers  o  of  receiye  their  motion,  by  which 
motion  the  ribbon  of  paper  is  drawn  from  the  roll  R ;  /the  spring  which 
draws  the  arm  H  of  the  dectro-magnet  from  the  armature ;  S  S  the 
upright  pieces  supporting  the  clockwork ;  B  B  the  base  supporting  the 
instrument ;  D  Uie  key  commutator,  by  which  the  current  transmitted 
along  the  line  wire  is  alternately  transmitted  and  suspended ;  mnttn'  n', 
wires  by  which  the  coil  of  the  electro-magnet  and  the  poles  of  the  sta- 
tion battery  are  put  in  connection  with  the  line  wires. 

The  following  are  the  telegraphic  characters  adopted  by  Professor 
Morse  for  the  English  language :  — 

A-—  J S--- 

B K T  — 

"  C--  -  L V 

D M—  V 

E-  N  — -  W 

F 0--  X 

G^ P Y 


I- 


R. 


Z- 


f 
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Tided  coxrespoo^g  in  rize  with  the  sheet  of  paper,  and  let  this  desk  be 
put  in  communication  with  a  galyanic  battery  so  as  to  form  its  negative 
pole.  Let  a  piece  of  steel  or  copper  wire,  forming  a  pen,  be  put  in  con- 
nection with  the  same  battery  so  as  to  form  its  positive  pole.  Let  the 
sheet  of  moistened  paper  be  now  laid  upon  the  metallic  desk,  and  let 
the  steel  or  copper  point  i^hich  forms  the  positive  pole  of  the  battery  be 
brought  into  contact  with  it.  The  galvanic  circle  being  thus  completed, 
•  the  current  will  be  established,  the  solution  with  which  the  paper  is  wet 
will  be  decomposed  at  the  point  of  contact,  and  a  blue  or  brown  spot  wiU 
appear.  If  the  pen  be  now  moved  upon  the  paper,  the  continuous  suc- 
cession of  spots  will  form  a  blue  or  brown  line ;  and  the  pen  being  moved 
in  any  manner  upon  the  paper,  characters  may  be  thtis  written  upon  it, 
as  it  were,  in  blue  or  brown  ink. 

By  means  of  whcelwork,  the  metallic  desk  is  made  to  revolve  round 
its  centre  in  its  own  plane,  while  the  style  receives  a  slow  motion  directed 
firom  the  centre  of  the  disk  towards  its  edge.  In  this  way  the  style 
traces  a  spiral  curve  i^kui  the  paper,  winding  round  it  continually,  and 
at  the  same  time  retiring  constantly  but  slowly  from  its  centre  towards 
its  edge.  It  will  be  evident,  without  furtjiier  explanation,  that  charac- 
ters may  thus  be  produced  on  the  prepared  papex  corresponding  to  those 
of  the  telegraphic  alphabet  already  descxibed  in  Morse's  Telegraph. 

house's  TELE6SAPH. 
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22.  This  apparatus,  which  is  in  extensiye  use  in  the  United  States,  £i 
a  printing  telegraph  —  that  is,  an  instrument  which  prints  in  the  ordi^ 
nary  letters  the  despatch  at  the  station  to  which  it  is  addressed,  by  means 
of  a  power  worked  at  the  station  from  which  it  is  transmitted.  It  con- 
sists of  two  distinct  parts  —  a  commutating  apparatus,  to  gorcm  the 
transmission  of  the  current,  and  a  printing  apparatus,  upon  which  the 
current  operates. 

The  transmission  of  the  current  is  controlled  by  the  laeys  of  the  finger^ 
board.  The  wheel  that  produces  by  its  revolution  the  pulsations  of  the 
current  is  moved  by  the  foot  of  the  operator  acting  upon  a  treddle.  The 
rotation  of  this  wheel  is  arrested  at  the  point  corresponding  to  any  desired 
letter,  by  putting  down  with  the  finger  the  key  upon  which  that  letter 
is  engraved. 

23.  Mr.  Bernstein,  of  Berlin,  has  inyented  ,a  modification  of  the  elec- 
tric telegraph,  which  pnmuses  to  extend  the  advantages  of  that  machine 
in  a  remarkable  manner.  The  peculiarity  of  the  invention  is,  that  by 
one  wire  two  different  messages  can  be  sent  in  the  same  or  in  opposite 
directions  at  one  time.  Experiments  were  made  in  London  with  tbo 
new  machine^  and  they  are  said  to  have  fully  established  its  powers. 

TELEGRAPH  LD^S  IN  THE  UNITED  STATES. 

24.  Owing  to  the  rapid  progress  and  unrestricted  freedom  of  enter- 
prise in  the  United  States,  a  great  number  of  independent  companies 
have  been  farmed,  by  which  the  vast  territory  from  the  Atlantic  Ocean 
to  the  Mississippi,  and  froit  the  Gulf  of  Mexico  to  the  froatierB  of  Can- 
ada, is  orerspread  with  a  network  of  wires,  upon  which  intelligence  of 
every  description,  and  personal  and  commercial  correspondence,  are  flow- 
ing night  and  day,  incessantly,  from  year  to  year,  in  a  torrent  of  which 
the  old  continents  offer  no  similar  example. 

The  American  lines  are  generally  classiflM  according  to  the  telegrapli 
instruments  with  which  they  work.  These  are  those  of  Morse,  Houses 
and  Bain ;  all  of  which  tfansmit  despatches  by  means  of  a  single  con- 
ducting vnre,  and  all  of  which  write  or  print  the  despatches  they  trans- 
mit — those  of  Morse  and  Bain  in  a  telegraphic  cipher,  and  that  of  House 
in  the  common  Roman  capitals. 

Of  these  three  systems,  that  of  Morse  is  in  the  most  general  use  —  a 
circumstance  which  is  partly  explained  by  the  fact  that  it  was  the  ear- 
liest adopted,  and  had  established  its  ground  long  before  either  of  the 
competing  systems.  It  must  be  admitted  that,  «o  far  as  publip  opinion 
and  favor  can  be  accepted  as  a  test  of  practical  excellence,  the  system  of 
Morse  has  received  not  only  a  large  majority  of  patronage  in  the  United 
States,  but  also  in  the  northern  and  eastern  states  of  Europe.  In  1864, 
^al  extent  of  telegraphic  wire  then  in  operation  in  the  United  States 
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was  above  40,000  miles ;  of  which  Morse's  had  36,972  miles,  House's 
B850  miles,  and  Bain's  570  miles. 

The  most  distant  points  connected  bj  electric  telegraph  in  North 
America  are  Quebec  and  New  Orleans,  which  are  3000  miles  apart ;  and 
two  separate  lines  connect  New  York  with  New  Orleans,  —  one  running 
along  the  seaboard,  the  other  by  way  of  the  Mississippi,  —  each  about 
2000  miles  long.  Messages  have  beoi  transmitted  from  New  York  to 
New  Orleans, .  and  the  answers  received,  in  the  space  of  three  horns, 
though  they  had  necessarily  to  be  written  several  times  in  the  course  of 
transmission* 

-  The  electric  telegraph  is  used  by  all  classes  of  society  as  an  ordinary 
method  of  transmitting  intelligence. 

Govenmient  despatches,  and  messages  involving  the  life  or  death  of 
any  persons,  are  entitled  to  precedence ;  next  come  important  press  com- 
munications ;  but  the  latter,  if  not  of  extraordinary  intenst,  await  their 
regular  turn. 

Interruptions  occur  most  frequently  frvmi  the  interference  of  atmos- 
pheric electricity ;  in  summer,  they  are  estimated  to  take  place,  on  an 
average,  twice  a  week.  Other  accidental  causes  of  interruption  occur 
irregularly,  from  the  fiilling  of  the  poles,  the  breaking  of  wires  by  fall- 
ing trees,  and,  particularly  in  winter,  from  the  accumulated  weight  of 
snow  or  ice. 

'  The  electric  current  is  made  to  act  through  long  distances  by  uang 
local  and  branch  circuits  and  relay  magnets,  in  those  systems  where  it 
would  be  otherwise  too  weak  to  operate  effectually. 

No  adaptation  of  the  system  can  be  more  interesting  and  useful  than 
that  which  is  made  for  the  purpose  of  conveying  signals  of  alarm  and 
intelligence  in  the  case  of  fire.  This  has  been  completely  developed  in 
Boston.  The  city  is  divided  into  seven  districts,  each  provided  with  a 
powerful  alarm  bell.  Every  district  contains  several  stations ;  there  are 
altogether  in  the  seven  districts  forty-two  stations,  all  of  which  are  con- 
nected with  a  chief  central  office,  to  which  intelligence  of  fire  is  con- 
veyed, and  from  which  the  alarm  is  given. 

At  each  of  the  stations  there  is  erected,  in  some  consfncuous  position, 
a  cast-iron  box  containing  the  apparatus  for  conveying  intelligence  to 
the  central  office ;  and  by  striking  the  signal  bell  a  certain  number  of 
times,  the  district  and  station  fix>m  which  the  signal  is  made  are  indi- 
cated. An  attendant  is  always  on  the  watch  at  the  central  office ;  and 
when  his  attention  is  called  to  the  signals  by  the  striking  of  a  large  call 
bell,  he  immediately  sets  in  motion  his  alarm  apparatus,  and,  by  depress- 
ing his  telegraph  key,  causes  all  the  alarm  bells  of  the  seven  districts  to 
toU  as  many  times  in  quick  succession  as  will  indicate  the  district  where 
the  fire  has  occurred  —  the  alann  being  repeated,  at  short  intervals,  as 
long  as  may  be  necessary. 
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fh«  h&titon.    The  nadir  M  tLat  point  in  the  hearend  lirhich 
ia  opposite  to  the  zenith ;  that  is,  it  lies  directly  below  our  feet. 

Thiu  in  Fig.  1,  let  0  »^  t  lepresent  the  earth,  and  e  the  place  of  a 
penoo  looking  at  the  atan;  then  Z  ia  hia  aenith,  1)  his  nadir,  and  H  R 
his  horiaoQ ;  H  Z  B  is  the  hemisphere,  or  half  aphoe,  of  atars  which 
are  yiaible  to  him,  and  H  D  B  the  opposite  hemiq^here,  which  would  be 
Tiaifale  to.a  spectator  at  0  on  the  opposite  aide  of  the  earth. 

In  the  daytime  we  do  not  see  the  stars  on  account  of  the 
superior  light  of  the  sun;  just  in  the  same  way  as  we  should 
Hot  see  the  flame  of  a  candle,  at  the  distance  of  a  few  hun- 
dred yards  from  us,  when  the  sun  is  shining ;  but  with  a  tel- 
e8C<^  the  stars  oan  be  seen  at  any  time  of  the  day. 

CAEDDTAL  POIITTB*  • 

S.  In  the  northern  hemisphere,  if  you  look  towards  the  sun 
at  noon,  your  face  is  directed  to  the  south ;  your  back  is  to- 
wards the  north ;  the  east  is  on  your  lefl  hand ;  and  the  west 
is  on  your  right  These  four  points  in  the  horizon  are  called 
the  ecweUnal  paints*  Tour  shadow  at  noon  is  shorter  than 
it  is  at  any  other  time  of  the  day,  because  the  sun  has  then 
attained  his  greatest  elevation  above  the .  horizon.  The  sun 
rises  towards  the  east,  and  sets  towards  the  west  At  noon 
the  sun  is  said  to  be  on  the  meridian ;  and  the  time  which 
elapses  between  his  leaving  the  meridian  and  returning  to  it 
again  is  called  s^iolar  day. 
• 

DIUBNAL  MOTION  OF  THS  HEAYEKB. 

4.  If  We  look  attentively  at  the  stars,  on  a  cloudless  night, 
we  shall  see  one  star  afler  another  apparently  rising  above  our 
horizon  in  the  east,  and  star  after  star  uUing^  or  sinking  be- 
neath our  horizon  in  the  west  A  little  further  observation  will 
show  us  that  the  whole  visible  heavens  appear  to  turn  from  east 
to  west  about  a  certain  little  star,  considerably  elevated,  called 
the  pohr  star  ;  and  that  a  complete  revolution  is  made  in  the 
course  of  every  day.  Now,  this  'apparent  motion  of  the 
heavens,  as  we  shall  afterwards  see,  is  really  produced  by  the 
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revolation  or  turning  of  tbd  earth  from  west  to  east,  round  a 
line  or  axis»  wiiich  we  may  conceive  to  be  drawn  through  the 
centre  of  the  earth  and  the  polar  star.  This  is  called  the 
diurnal  motion  of  the  heavens,  because  it  is  performed  in  the 
course  of  a  daj. 

Li  Fig.  1,  N  repreBents  the  north  polar  star,  X  S  the  line  round  which 
the  heaveiiB  appear  to  turn,  or  the  line  round  which  the  earth  really 
turns. 

MAGNITUDE   OF  THE   STARS. 

5.  In  a  clear  night  about  two  thousand  stars  may  be  seen 
with  the  naked  eye,  but  with  a  small  telescope  many  millions 
may  be  observed.  The  stars  appear  to  us  of  different  sizes 
and  degrees  of  brightness;  the  largest  and  brightest  are  said 
to  be  of  the  first  mi^itude ;  the  next  in  order  of  the  second 
magnitude ;  and  so  on  to  the  sixth  magnitude,  which  com- 
prises those  very  small  stars  which  are  just  visible  to  the 
naked  eye.  There  are  only  nine  stars  of  the  first  magnitude 
in  our  hemisphere,  and  twelve  in  the  southern,  or  opposite 
hemisphere.  There  are  about  fifty  of  the  second  magnitude, 
visible  to  us,  and  not  less  than  one  hundred  and  twenty  of  the 
third  magnitude. 

FIXED   STARS   AND   PLANETS. 

6.  Nearly  all  the  stars  which  we  see  are  fixed ;  that  is  to 
say,  they  do  not  change  their  distances  from  one  another,  but 
always  present  the  same  outline  of  form.  Some  of  the  stars, 
however,  do  not  always  remain  in  the  same  place,  but  move 
among  the  Jixed  stars:  these  stars  are  called  planets. 

The  fixed  stars  are  also  distinguished  from  the  planets  by 
having  a  more  twinkling  sort  of  light ;  and  viewed  through  a 
telescope)  the  planets  look  like  little  luminous  globes,  while 
the  stars  simply  appear  like  brilliant  points  of  light  without 
any  appreciable  size. 
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CONSTELLATIONS. 

7.  The  ancient  astronomers,  for^he  convenience  of  refer- 
ence, formed  the  fixed  stars  into  constellations,  or  groups  of 
stars,  and  represented  them  by  animals,  and  other  things^  to 
which  they  imagined  the  outline  of  the  stars,  in  each  group, 
had  some  resemblance.  The  most  striking  of  the  constella- 
tions is  that  of  the  Great  Bear^  which  is  commonly  known  by 
the  name  of  Charles's  Wain,  or  wagon.  Sailors  call  it  the 
dipper. 

The  form  of  this  constellation  is  shown  in  Fig.  2,  where  the  four  staxB 
ah  cdvte  supposed  to  represent  the  body  of  the  dipper,  and  the  remain- 
ing three  the  handle.  The  two  stars  &  a  are  called  the  pointera  ;  for  if  a 
line  be  drawn  through  them  it  will  very  nearly  point  to  the  polar  star  N. 


Fiff.  2.    Constellation  of  the  Great  Bear. 

If  a  line  be  drawn  from  the  star  e,  leaving  «  a  little  to  the  left,  it  wiQ 
pass  through  a  very  brilliant  star  A,  called  Arcturus,  which  is  the  prin- 
cipal star  in  the  constellation  of  Bod'tes. 

The  names  of  the  different  constellations  may  be  readily 
acquired  by  looking  at  a  celestial  globe,  ^ich  is  constructed 
to  repreiBent  the  aspect  of  the  heavens.  These  constellations 
^Iways  present  the  same  appearance ;  the  hoary-headed  man, 
tottering  on  his  grave,  as  he  takes,  it  may  be,  a  last  look  at 
Charles's  Wain,  well  remembers  that  it  presented  the  same 
aspect  when  he  first  gazed  upon  it  in  the  joyous  days  of  his 
childhood. 
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SIGNS   OF  THE   ZODIAC.  —  THB   ECLIPTIC 

8.  There  is  a  remarkaMe  class  of  constellations,  extending 
round  the  heavens,  like  a  band  or  belt,  in  which  the  planets 
alwajs  appear  to  move ;  this  belt  of  stars  contains  twelve 
constellations,  which  are  called  the  signs  of  the  zodiac.  The 
sun  abo  appears  to  us  to  make  a  complete  revolution  in  the 
heavens,  in  the  course  of  a  year,  through  the  different  con- 
stellations of  the  zodiac  This  apparent  path  of  the  sun  in 
the  heavens  is  called  the  ecliptic;  the  constellations  of  the 
sodiac,  therefore,  mark  out  the  ecliptic  in  the  heavens.  The 
term  zodiac  means  animaij  and  this  apparent  path  of  th^  sun 
was,  no  doubt,  so  called  on  account  of  the  names  given  to  the 
various  constellations  composing  it.  The  zodiac  is  divided 
into  twelve  signs,  to  correspond  to  the  twelve  months  of  the 
year.  The  following  table  gives  the  names  of  the  signs  of 
the  zodiac,  with  the  marks  or  symbols  which  are  put  for  them. 

Namei  of  the  Siffns  of  the  Zodiac. 

libra  .    .    the  Balance.    .  ^ 

Scorpio     •    the  Scorpioh     •  m 

Sagittarius    the  Archer  •    .  / 

CapricomuB  the  Ooai     .     .  yf 

Aquarius  .    the  Waterman.  t& 

Pisces  .    .    theFishet  .    •  H 


Aries   . 

•    the  Ram      .    . 

V 

Taurus 

.    theByU.    . 

8 

Gemini 

.    the  7V>tfW   . 

n 

Cancer. 

.    the  Crab      . 

►     23 

Leo .    . 

•    the  Lion.    . 

'     Si 

Virgo  . 

.    the  Virgin  . 

,  nj} 

GENERAL  PRINCIPLES   OP  ASTRONOMY. 

9.  In  the  study  of  astronomy,  it  is  above  all  things  neces- 
sary that  we  should  reason  upon  appearances,  and  that  we 
should  allow  the  fiAt  rude  notions,  derived  from  the  senses,  to 
be  corrected  by  the  judgment  .  As  these  remarks  aft  essen- 
tial to  a  right  appreciation  of  our  methods  of  exposition,  it* 
will  be  instructive  to  elucidate  them  by  taking  one  or  two 
familiar  cases. 

The  cross  at  the  top  of  St.  Paul's  cathedral  appears  to  us  not  long€t 
than  a  walking  stick,  whereas  its  length  is  reaUy  greater  than  Uie  elera- 
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tbn  of  an  ordinary  house.  Here,  by  taking  into  account  the  distance 
of  the  croBB  from  ns,  we  are  able  to  aaaign  a  reason  for  its  apparent 
fanftllnPBft-  In  precisely  the  same  way,  the  moon  appears  to  ns  scarcely 
larger  than  a  man's  face;  but  when  we  consider  that  it  is  many 
thousands  of  miles  from  us,  we  should  be  prepared  for  adopting  the  fact 
that  it  is  a  world  not  much  smaller  than  the'  earth  on  which  we  lire. 
In  like  manner,  we  should  be  led  to  exipect  that  the  planets*  which, 
owing  to  their  still  greater  (^stances  from  us,  appear  like  little  balls  of 
light,  are  in  reality  yast  globes,  many  of  which  are  considerably  .larger 
than  our  earth. 

When  we  are  moving  in  a  railway  carriage,  we  should  from  appear- 
ances believe,  if  our  reason  did  not  correct  this  belief,  that  the  houses 
and  trees  were  moTing,  and  that  we  were  sitting  still.  In  like  manner^ 
we  should  be  prepared  to  question  the  truth  of  the  first  impression  of 
our  senses,  when  we  are  led  to  imagine  that  the  whole  of  the  heavens 
turn  round  us  in  every  twenty-four  hoius,  and  to  ask  ourselves,  "  Is  it 
not  more  rational  to  suppose  that  this  apparent  motion  is  produced  by 
the  actual  rotation  of  our  earth  itself? "  The  science  of  astronomy  has 
established  many  principles  which  are  at  variance  with  the  first  rude 
notions  derived  from  mere  appearances  :  the  following  general  prind^des 
deserve  especial  attention :  — 

Oar  earth  has  the  form  of  a  globe ;  it  turns  or  spins  roond 
upon  its  axis  every  twenty-four  hours,  and  thus  gives  rise  to 
the  apparent  diurnal  or  daily  motion  of  the  heavens ;  it  also 
moves  round  the  sun,  in  the  course  of  a  year,  which  occa- 
sions the  apparent  motion  of  the  sun  in  the  ecliptic  The 
planets  are  worlds  like  6ur  own ;  and  they,  together  with  our 
earth,  revolve  round  the  sun  as  the  common  centee  of  attrac- 
tion, in  different  paths  or  orbits  ;  they  also  derive  their  light 
and  heat  from  it.  The  sun,  with  all  the  planetary  bodies 
which  move  round  it  as  a  centre,  is  called  the  solar  system. 
The  fixed  stars,  which  are  at  immense  distances  from  us,  are 
suns,  with  their  respective  systems  of  unseen  worlds  revolvin^^ 
round  them,  probably  similar  to  the  solar  system. 
31 
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• 

22.  This  apparatus,  which  is  in  extensive  use  in  the  United  States,  it 
a  printing  telegraph  —  that  is,  an  instrument  which  prints  in  the  ordi- 
nary  letters  the  despatch  at  the  station  to  which  it  is  addressed,  b^  means 
of  a  power  worked  at  the  station  from  which  it  is  transmitted.  It  caa-> 
sists  of  two  distinct  parts  —  a  commutating  apparatus,  to  govern  the 
transmission  of  the  cuzrent,  and  a  printing  apparatus,  upon  which  the 
current  operates. 

The  transmission  of  the  current  is  controlled  by  the  keys  of  the  fingec^ 
board.  The  wheel  that  produces  by  its  revolution  the  pulsatioiis  of  the 
current  is  moved  by  the  foot  of  the  operator  acting  upon  a  treddle.  The 
rotation  of  this  wheel  is  arrested  at  the  point  corresponding  to  any  denred 
letter^  by  putting  down  with  the  finger  the  key  upon  which  that  letter 
is  engraved. 

23.  Mr.  Benstcin,  of  Berlin,  has  invented  ,a  modification  of  the  elec- 
tric telegraph,  which  promiaes  to  extend  the  advantages  of  that  machine 
in  a  remarkable  manner.  The  peculiarity  of  the  invention  is,  that  by 
one  vrire  two  different  messages  can  be  sent  in  the  same  or  in  opposite 
directions  at  one  time.  Experiments  were  made  in  London  with  the 
new  machine,  and  they  are  said  to  have  fully  established  its  powezs. 

TELEGRAPH  LINES  IN  THE  UNITED  STATES. 

24.  Owing  to  the  rapid  progress  and  unrestricted  freedom  of  enter- 
prise in  the  United  States,  a  great  number  of  independent  campanies 
have  been  formed,  by  which  the  vast  territory  from  the  Atlantic  Ocean 
to  the  Mississippi,  and  froil  the  Gulf  of  Mexico  to  the  frontiers  of  Can- 
ada, is  overspread  with  a  network  of  wires,  upon  which  intelligence  of 
every  description,  and  personal  and  commercial  correspondence,  are  flow- 
ing night  and  day,  incessantly,  from  year  to  year,  in  a  torrent  of  which 
the  old  continents  offer  no  similar  example. 

The  American  lines  are  generally  classiflld  according  to  the  telegrsph 
instruments  with  which  they  work.  These  are  those  of  Morse,  Houses 
and  Bain ;  all  of  which  ti^nsmit  despatohes  by  means  of  a  single  con- 
ducting wire,  and  all  of  which  i^Tite  or  print  the  despatches  they  trans- 
mit — those  of  Morse  and  Bain  in  a  telegraphic  cipher,  and  that  of  House 
in  the  common  Koman  capitals. 

Of  these  three  systems,  that  of  Morse  is  in  the  most  general  use  —  a 
circumstance  which  is  partly  explained  by  the  fact  that  it  was  the  ear- 
liest adopted,  and  had  established  its  gxx)und  long  before  either  of  the 
competing  systems.  It  must  be  admitted  that,  «o  £Eir  as  public  opinion 
and  favor  can  be  accepted  as  a  test  of  practical  excellence,  the  system  of 
Morse  has  received  not  only  a  large  majority  of  patronage  in  the  United 
States,  but  also  in  the  northern  and  eastern  states  of  Europe.  In  1854, 
the  total  extent  of  telegraphic  vrire  then  in  operation  ik  the  United  States 
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was  above  40,000  miles ;  of  which  Morse's  had  36,972  miles,  House's 
8850  miles,  and  Bain's  570  miles. 

The  most  distant  points  connected  by  electric  telegraph  in  North 
America  are  Quebec  and  New  Orleans,  which  are  3000  miles  apart ;  and 
two  separate  lines  connect  New  York  with  New  Orleans,  —  one  running 
along  the  seaboard,  the  other  by  way  of  the  Mississippi,  —  each  about 
2000  miles  long.  Messages  have  been  transmitted  from  New  York  to 
New  Orleans,  and  the  answen  received,  in  the  space  of  three  hours, 
though  they  had  necessarily  to  be  written  several  times  in  the  course  of 
transmission* 

'    The  electric  telegraph  is  used  by  all  classes  of  society  as  an  ordinary 
method  of  transmitting  inteUigeno& 

Government  despatches,  and  messages  involving  the  life  or  death  of 
any  persons,  are  entitled  to  precedence ;  next  come  important  pren  com- 
munications ;  but  the  latter,  if  not  of  extraordinary  interest,  await  their 
regular  turn. 

Interruptions  oociir  most  frequently  frt>m  the  interference  of  atmos- 
pheric electricity ;  in  summer,  they  are  estimated  to  take  place,  on  an 
average^  twice  a  week.  Other  accidental  causes  of  intenruption  occur 
irregularly,  from  the  fiilling  of  the  poles,  the  breaking  of  wires  by  fall- 
ing trees,  and,  particularly  in  winter,  from  the  accumulated  weight  of 
snow  or  ice. 

The  electric  current  is  made  to  act  through  long  distances  by  using 
local  and  branch  circuits  and  relay  magnets,  in  those  systems  where  it 
would  be  otherwise  too  weak  to  operate  effectually. 

No  adaptation  of  the  system  can  be  more  interesting  and  useful  than 
that  which  is  made  for  the  purpose  of  conveying  signals  of  alarm  and 
intelligence  in  the  case  of  fire.  This  has  been  completely  developed  in 
Boston.  The  dty  is  ft vided  into  seven  districts,  each  provided  with  a 
powerful  alarm  bell.  Every  district  contains  several  stations ;  there  are 
altogether  in  the  seven  districts  forty-two  stations,  all  of  which  are  con- 
nected with  a  chief  central  office,  to  which  intelligence  of  fire  is  con- 
veyed, and  from  which  the  alarm  is  given. 

At  each  of  the  stations  there  is  erected,  in  some  conspicuons  position^ 
a  cast-iron  box  containing  the  apparatus  for  conveying  intelligence  to 
the  central  office ;  and  by  striking  the  signal  beU  a  certain  number  of 
times,  the  district  and  station  from  which  the  signal  is  made  are  indi- 
cated. An  attendant  is  always  on  the  watch  at  the  central  office ;  and 
when  his  attention  is  called  to  the  signals  by  the  striking  of  a  large  call 
bell,  he  immediately  sets  in  motion  his  alarm  apparatus,  and,  by  depress- 
ing his  telegraph  key,  causes  all  the  alarm  bells  of  the  seven  districts  to 
toll  as  many  times  in  quick  sucoeasion  as  will  indicate  the  district  where 
the  fire  has  occurred  —  the  alarm  being  repeated,  at  short  intervals,  as 
long  as  may  be  necessary. 


A8TR0NO1CT. 

OBJECm  OF  ASTBOliOMY.^GffillERAL  VIEW  OP  TBE 
HEAVEN& 

1.  A«nOMOXTigtbatsci«neewlddilrail9<)fllialMamii]7 
bodies  —  the  sun,  the  moon,  and  the  stars. 

9.  When  we  look  at  the  heavepu,  on  a  dear  niglil^  thej 
appear  to  ns  like  a  vast  dome,  or  ooncave  heBaiaplicra^  ia 
which  the  stars  shine  like  so  many  brilliant  gems  of  iigfat 


Fig,  1.    The  Stan. 

The  point  directly  over  our  heads  Is  called  the  zeni^  and 
the  line  where  the  sky  and  th9  earth  appeaf  tp  meet  is  ^^IM 
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tiie  kofiton.    The  nadir  H  that  point  m  the  heavens  Which 
la  opfkMite  to  the  zenith ;  that  is,  it  lies  directly  bebw  our  feet. 

Hiug  in  Hg.  1,  let  6  fi^  «  repreBent  the  earth,  and  e  the  place  of  a 
peiMn  tooling  at  the  stais;  then  Z  is  hia  zenith,  1)  his  nadir,  and  H  R 
hia  harizon ;  H  Z  R  is  the  hemisphere,  or  half  sphen,  of  stars  which 
are  Tiaihle  to  him,  and  H  D  R  the  opposite  hemisphere,  which  would  be 
fiaible  to.a  spectator  at «  on  the  oppodte  side  of  the  earth. 

In  the  daytime  we  do  not  see  the  stars  on  account  of  the 
superior  light  of  the  sun;  just  in  the  same  way  as  we  should 
Aot  see  the  flame  of  a  candle,  at  the  distance  of  a  few  hun- 
dred yards  from  us,  when  the  sun  is  shining ;  but  with  a  tel- 
esGope  the  stars  oan  be  seen  at  any  time  of  the  day. 

CARDINAL  TOUnn*  • 

3.  In  the  northern  hemisphere,  if  you  look  towards  the  sun 
at  noon,  your  face  is  directed  to  the  south ;  your  back  is  to- 
wards the  north ;  the  east  is  on  your  left  hand ;  and  the  west 
is  on  your  right.  These  four  points  in  the  horizon  are  called 
the  cardinal  paints.  Your  shadow  at  noon  is  shorter  than 
it  is  at  any  other  time  of  the  day,  because  the  sun  has  then 
attained  his  greatest  elevation  above  the .  horizon.  The  sun 
rises  towards  the  east,  and  sets  towards  the  west  At  noon 
the  sun  is  said  to  be  on  the  meridian ;  and  the  time  which 
ehpses  between  his  leaving  the  meridian  and  returning  to  it 
again  is  called  a  «o&ir  day. 

m 

DIUBNAL  MOTION  OF  THS  HKAYENS. 

4.  If  We  look  attentively  at  the  stars,  on  a  cloudless  night, 
we  shall  see  one  star  after  another  apparently  rising  above  our 
horizon  in  the  east,  and  star  after  star  setting,  or  sinking  be- 
neath our  horizon  in  the  west  A  little  further  observation  will 
show  us  that  the  whole  visible  heavens  appear  to  turn  from  east 
to  west  about  a  certain  little  star,  considerably  elevated,  called 
the  polar  star  ;  and  that  a  complete  revolution  is  made  in  the 
course  of  every  day.  Now,  this  apparent  motion  of  the 
heavens,  as  we  shall  afterwards  see,  is  really  produced  by  the 
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revolation  or  turning  of  tbd  earth  from  west  to  east,  roimd  a 
line  or  axis>  which  we  may  conceive  to  be  drawn  through  the 
centre  of  the  earth  and  the  polar  star.  This  is  called  the 
diurnal  motion  of  the  heavens,  because  it  is  performed  in  the 
course  of  a  daj. 

In  Fig.  1,  N  represents  the  north  polar  star,  N  S  the  line  round  whidi 
the  heavens  appear  to  turn,  or  the  line  round  which  the  earth  really 
turns. 

MAGNrrUDB   OF  THE   STARS. 

5.  In  a  clear  night  about  two  thousand  stars  may  be  seen 
with  the  naked  eye,  but  with  a  small  telescope  many  millions 
may  be  observed.  The  stars  appear  to  us  of  different  sizes 
and  degrees  of  brightness ;  the  largest  and  brightest  are  said 
to  be  of  the  first  mi^itude ;  the  next  in  order  of  the  second 
magnitude ;  and  so  on  to  the  sixth  magnitude,  which  com- 
prises those  very  small  stars  which  are  just  visible  to  the 
naked  eye.  There  are  only  nine  stars  of  the  first  magnitude 
in  our  hemisphere,  and  twelve  in  the  southern,  or  opposite 
hemisphere.  There  are  about  fifty  of  the  second  magnitude, 
visible  to  us,  and  not  less  than  one  hundred  and  twenty  of  the 
third  magnitude. 

FIXED  STARS  AND  PLANETS. 

6.  Nearly  all  the  stars  which  we  see  are  fixed ;  that  is  to 
say,  they  do  not  change  their  distances'  from  one  another,  but 
always  present  the  same  outline  of  form.  Some  of  the  stars, 
however,  do  not  always  remain  in  the  same  place,  but  move 
among  the  Jixed  stars:  these  stars  are  called  planets. 

The  fixed  stars  are  also  distinguished  from  the  planets  by 
having  a  more  twinkling  sort  of  light ;  and  viewed  through  a 
telescope^  the  planets  look  like  little  luminous  globes,  while 
the  stars  simply  appear  like  brilliant  points  of  light  without 
any  appreciable  size. 
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CONSTELLATIONS. 

7.  The  ancient  astronomers,  for^he  convenience  of  refer- 
ence, formed  the  fixed  stars  into  constellations,  or  groups  of 
stars,  and  represented  them  by  animals,  and  other  things,  to 
which  they  imagined  the  outline  of  the  stars,  in  each  group, 
had  some  resemblance.  The  most  striking  of  the  constella- 
tions is  that  of  the  Great  Bear^  which  is  commonly  known  by 
the  name  of  Charles's  Wain,  or  wagon.  Sailors  call  it  the 
dipper. 

The  form  of  this  constellation  ia  shown  in  Fig.  2,  where  the  four  staxB 
a  &  c  (2  arc  supposed  to  represent  the  body  of  the  dipper,  and  the  remain- 
ing three  the  handle.  The  two  stars  6  o  are  called  the  pointers ;  for  if  a 
line  hie  drawn  through  them  it  will  very  nearly  point  to  the  polar  star  N. 


Fiff,  2.    Constellation  of  the  Great  Bear. 


If  a  line  be  drawn  from  the  star  f,  leavmg4?  a  little  to  the  left,  it  will 
pass  through  a  very  brilliant  star  A,  called  Arctttrus,  which  is  the  prin- 
dpal  star  in  the  constellation  of  Bod'tes. 

The  names  of  the  different  constellations  may  be  readily 
acquired  by  looking  at  a  celestial  globe,  ^ich  is  constructed 
to  represent  the  aspect  of  the  heavens.  These  constellations 
#lways  present  the  same  appearance ;  the  hoary-headed  man, 
tpttering  on  his  grave,  as  he  takes,  it  may  be,  a  last  look  at 
Charles's  Wain,  well  remembers  that  it  presented  the  same 
aspect  when  he  first  gazed  upon  it  in  the  joyous  days  of  his 
childhood. 
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8ION8   or  THE  ZODIAC.  —  THE   SCLIPTIC. 

S.  There  is  a  remarkable  class  of  ooasteUationSy  extending 
roand  the  heavens,  like  a' band  or  belt,  in  which  the  planets 
always  appear  to  move ;  this  belt  of  stare  contains  twelre 
constellations,  which  are  called  the  signs  of  the  zodiac.  The 
snn  also  appears  to  ns  to  make  a  complete  rcTolntion  in  the 
heavens,  in  the  course  of  a  year,  through  the  different  con- 
stellations of  the  zodiac.  This  apparent  path  of  the  son  in 
the  heavens  is  called  the  ecliptic;  the  constellations  of  the 
lodiac,  therefore,  mark  out  the  ecliptic  in  the  heavens.  The 
term  zodiae  means  ant  mo/,  and  this  apparent  path  of  th^  son 
was,  no  donbt,  so  called  on  account  of  the  names  given  to  the 
various  constellations  composing  it  The  zodiac  is  divided 
into  twelve  signs,  to  correspond  to  the  twelve  months  of  the 
year.  The  following  table  gives  the  names  of  the  signs  of 
the  zodiac,  with  the  msaks  or  symbols  which  are  put  for  them. 

Namm  of  the  Si^n*  of  the  Zodiae. 


Aries   . 

.    theRam     .    . 

.    cp 

Taurus 

.    theBuU.    . 

>    8 

Gemini 

.    the  Tufins   . 

.  n 

Cancer. 

.    theCrab     . 

.    G 

Leo.    . 

.    theLUm.    . 

.   Si 

Virgo  . 

•    the  Virgin  . 

'  n 

labra  .    . 

theBakmee. 

,      £^ 

Scorpio     . 

tks  Scorpion     . 

'     Wl 

Sagittarius 

the  Archer  .     . 

/ 

CapiicomuB 

theOoai      .     . 

vr 

Aquarius  . 

the  Waterman 

,       IX 

Pisces  .    . 

theFiehee  . 

.    H 

GENEBAL  PRINCIPLRS   OF  A8TBOK0UY. 

9.  In  the  study  of  astronomy,  it  is  above  all  things  neces- 
sary that  we  should  reason  upon  appearances,  and  that  we 
should  allow  the  fiAt  rude  notions,  derived  from  the  senses,  to 
be  corrected  by  the  judgment  .  As  these  remarks  aft  essen- 
tial to  a  right  appredadon  of  our  methods  of  exposition,  it 
will  be  instructive  to  elnddate  them  by  taking  one  or  two 
familiar  cases. 

The  cross  at  the  top  of  St.  Paul's  cathedral  appeart  to  us  not  longer 
than  a  walking  stick,  whereas  its  length  is  realfy  greater  than  the  elera- 
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tion  of  an  ordinary  house.  Here,  by  taking  into  account  the  distance 
of  the  cross  from  ns,  we  are  able  to  assign  a  reason  for  its  apparent 
ftpAllnfiRft-  In  precisely  the  same  way,  the  moon  appears  to  us  scarcely 
larger  than  a  man's  face;  but  when  we  consider  that  it  is  many 
thousands  of  miles  from  us,  we  should  be  prepared  for  adopting  the  &ct 
that  it  is  a  world  not  much  smaller  than  the  earth  on  which  we  Ure. 
In  like  manner,  we  should  be  led  to  expect  that  the  pUmetB»  which, 
owing  to  their  still  grei|ter  dustances  from  us,  appear  like  little  balls  of 
light,  are  in  reality  yast  globes,  many  of  which  are  considerably  larger 
than  our  earth. 

When  we  are  moving  in  a  railway  carriage,  we  should  from  appear- 
onces  believe,  if  our  reason  did  not  correct  this  beUef,  that  the  houses 
and  trees  were  moying,  and  that  we  were  sitting  still.  In  like  manner, 
we  should  be  prepared  to  question  the  truth  of  the  first  impression  of 
our  senses,  when  we  are  led  to  imagine  that  the  whole  of  the  heavens 
turn  round  us  in  every  twenty-four  hours,  and  to  ask  ourselves,  **  Is  it 
not  more  rational  to  su^qpose  that  this  apparent  motion  is  produced  by 
the  actual  rotation  of  our  earth  itself? "  The  science  of  astronomy  has 
established  many  principles  which  are  at  variance  with  the  first  rude 
notions  derived  from  mere  appearances  :  the  following  general  princi^des 
deserve  especial  attention :  — 

Our  earth  has  the  form  of  a  globe ;  it  turns  or  spins  round 
npon  its  aids  every  twenty-four  hours,  and  thus  gives  rise  to 
the  apparent  diurnal  or  daily  motion  of  the  heavens ;  it  also 
moves  round  the  sun,  in  the  course  of  a  year,  which  occa- 
sions the  apparent  motion  of  the  sun  in  the  ecliptic  The 
planets  are  worlds  like  dur  own ;  and  they,  together  with  our 
earth,  revolve  round  the  sun  as  the  common  centre  of  attrac- 
tion, in  different  paths  or  orbits  ;  they  also  derive  their  light 
and  heat  from  it  The  sun,  with  all  the  planetary  bodies 
which  move  round  it  as  a  centre,  is  called  the  solar  system. 
The  fixed  stars,  which  are  at  immense  distances  from  us,  are 
suns,  with  their  respective  systems  of  unseen  worlds  revolvin^^ 
round  them,  probably  similar  to  the  solar  system. 
31 
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SOLAR  SYSTEM. 

10.  The  eolar  system  consists  of  the  sun,  in  the  centre, 
round  which  all  the  planetary  bodies  revolve. 

The  leading  planets  move  round  the  sun  from  west  to  east, 
in  nearly  circular  orbits  or  paths,  lying  nearly  in  the  same 
plane,  or  flat  surface,  that  is,  in  the  plane  of  the  ecliptic,  and 


Solar  System. 


rotate,  or  spin  round  on  their  axes,  in  the  same  direction. 
Some  of  the  planets  have  moons  or  satellites  revolving  round 
them.  The  names  of  the  planets,  in  the  order  of  their  dis- 
tances from  the  sun,  are  Mercurt,  Venus,  the  £arth.  Mars, 
Jupiter,  Saturn,  Uranus,  and  Neptune;  together  with 
forty-four  small  planets  called  Asteroids,  or  little  stars,  which 
move  in  orbits  lying  between  Mars  and  Jupiter.    These  are 
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called  primary  planets  ;  there  are  also  20  moons  or  satellites, 
which  are  called  secondary  planets^  because  they  revolve  round 
their  respective  primaries  in  the  same  manner  as  the  latter 
revolve  round  the  sun.  The  moon  is  the  satellite  to  the 
earth:  it  completes  a  revolution  round  the  earth  in  the 
course  of  everj  lunar  month.  Jupiter  has  four  satellites, 
Saturn  eight,  Uranuff  six,  and  Neptune  one.  Besides  these,  ^ 
there  is  another  order  of  bodies,  which  revolve  round  the  sun 
called  comets;  they  have  blazing  trails,  and  move  in  very 
eccentric  orbits. 

The  solar  system,  as  just  tecribed,  was  first  taught  by  Pythagoras, 
an  emineat  Greek  philosopher,  who  lived  about  600  years  before  the 
time  of  Christ.  But  it  was  soon  after  disregarded,  and  various  false  sys- 
tems were  taught  in  its  place,  imtil  about  300  years  ago,  when  Coper- 
nicus revived  the  true  system  which  had  been  discovered  by  the  great 
Pythagoras. 

The  planets,  with  the  other  bodies  composing  the  solar  system,  will  be 
more  fully  described  after  we  have  considered  the  different  motions,  &c., 
of  the  earth  and  the  moon. 


THE  EARTH  AND  ITS  MOTION. 

FORM  AND    SIZE   OF  THE   EARTH. 

11.  The  earth  has  the  form  of  a  globe;  that  is,  it  is  like 


Fig.  4.    The  Earth  in  Space. 
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atnll  or  orange.     This  is  proTed  bj  Tanoiu  fMts.;  Ilbe  iol- 
lowing  are  given  as  being  the  most  sirni^. 
Navigators  have  sailed  roond  the  eartli. 

,  If  a  ship  flail  constantly  in  the  same  genetal  direetiaii,  either  eastwaid 
or  westward,  she  will  onive  at  the  sasie  place  -from  ivhioh  ahe  act  out. 
Now,  if  the  earth  weve  an  unbounded  plain,  or  flatSHK&ce»  the  fiutker 
the  ship  sailed,  the  farther  she  would  get  from  the  point  of  d^MOtiiie. 
Magellan  was  the  first  mariner  that  sailed  round  the  world,  but  Colum- 
bus was  the  first  that  made  the  attempt 

The  earth,  then,  is  a  great  globular  mass  of  matter,  without  any  fixed 
point  of  support;  for  navigators  and  travellezs  have  ooiBed  it  in  all 
directions,  and  no  such  point  has  ever  bem  seen. 

The  hull  of  a  vessel  disappears  as  she  leaves  the  shore. 

When  a  vessel  leaves  the  shore,  at  a  little  diatanoa,  a  portion  of  the  hull 
is  obsenred  to  disappear;  a  little  fiEvther,  the  hull  is  lost  to  the si|^t ; 
at  a  greater  distance,  the  lower  sails  disappear ;  until  at  length,  only  the 


Fig*  5,    Eotundity  or  Boundness  of  the  Eartii. 

upper  sails  are  seen  in  the  horizont  or  the  line  where  the  earth  and  aky 
appear  to  meet.  But  if  we  now  ascend  a  high  tower,  we  should  get 
sight  of  the  hull  again.  Now,  if  the  earth  were  a  flat  surfisoe^  we  should 
always  see  the  hull  at  the  same  time  that  we  see  the  topsails. 

The  earth  always  appears  of  a  circokr  diape.  • 


The  rotundUy  or  rofubdness  i&auch,  that  a  mm  ibx  Jnt  V^^-standing 
upon  the  sea  shore,  would  see  a  httie  boat  when  Ha  dtstasee  from  him 
does  not  exceed  thm  ndleB;  but  if  he  were  delated  tmBty-^mr  liseC 
the  boat  would  be  aeen  at  the  distance  of  six  niiiaB;  mA  if  Jk  were 
elevated  flfty-ibiir  tet,  the  boat  would  heieen  at  the  dateBfls  of  twenty- 
seven  miles ;  and  so  on:  the  distsDee  ^at  whidi  the  boat  wndd  be  seen 
increasing  with  the  deration  ^  tiie  dbasfver.  In  all  thoae  caaes,  the 
man's  view  is  bounded  by  -a  mrcyihr  Ao^tnm.  Now,  there  is  no  body  bat 
a  globe  that  will  always  appev  «£«  cizcular  sbspe  when  viewed  at  dif- 
ferent distances. 


Fig.  6w    A  Globe  always  appears  round: 

At  whaterer  distance  I  look  at  thx»  litde  globe,  it  always-  amMai»tD 
lave  8  drcolar  shape ;  and  moreover,  the  fivthcr  it  iazemored  from  my 
eyok  the  greater  is  the-  extent  of  suifiBice  that  I  see.  Mr.  Green»  when  he 
goes  up  with  his  balloon,  will  see  more  of  the  earth's  surfiiee  than  ^9i^ 
can,  even  though  we  should  be  on  the  top  of  Richmond  Hill ;  and  what- 
ever may  be  his  height  above  the  earth's  surface,  he  w31  always  find  that 
it  presents  a  circular  shape.  When  he  has  attained  his  greatest  eleva- 
tioii»  the  largest  hiUs  and  trees  will  a|^ear  to  him  just  like  the  little 
irregularities  which  we  see  upoa  the  surface  of  an  orange. 


Fig*  7.    The  Earth  always  appears  round. 


THE  DIAMETER  OF  THE  EARTH. 

12.  The  diameter y  or  line  passing  through  the  centre  ot  the 
earth,  is  about  8000  miles ;  and  as  the  length  of  a  line  going 
foiuid  a  circle  is  a  Kttle  more  than  three  times  the  diameter, 
it  follows  that  the  length  of  a  line  going  round  the  earth,  or 
the  circumference,  is  about  25,000  miles.  A  railway  train, 
moving  with  the  speed  of  50  miles  per  hour,  would  go  round 
;  the  earth  in  about  500  hours,  or  about  three  weeks,  supposing 
there  were  no  obstructidbs  to  the  motion.  This  will  give  us 
some  idea  of  the  great  size  of  the  earth. 
31* 
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DIUBNAL  MOTION  OF  THE   EARTH. 

13.  The  earth  has  two  motions — SLdiumal  or  daily  mo- 
tion upon  its  axis,  and  an  annual  or  yearly  motion  round  the 
sun  ;  that  is,  it  tarns  round  like  a  spinning  top,  and  at  the 
same  time  moves  round  the  sun. 

14.  Cause  of  J)ay  ^nd  Night. — The  spinning  motion,  or 
revolution  of  the  earth  upon  its  axis,  is  the  cause  of  day  and 
l^ight  When  the  sun  shines  upon  our  side  of  the  earth,  it  is 
day  with  us,  and  when  he  shines  on  the  opposite  side,  it  is 
night  with  us. 

If  yoa  bold  a  globe  or  orange  before  a  candle^  one  half  of  the  globe 
will  be  enlightened,  and  the  other  half  will  be  in  the  ahade;  and  if  the 
gbbe  be  turned  round,  every  portion  will  be  aucceBsiTdy  brought  within 
the  light  of  the  candle.  The  line  0/,  separating  the  light  and  ahade^  la 
called  the  circie  of  Hhiminaium.  Let  us  suppose  a  little  fly  to  be  fixed 
on  this  globe ;  then,  throughout  one  half  of  the  xevolution,  the  creature 
will  be  in  the  shade,  and  throughout  the  other  hali^  the  creature  will  be 
in  the  light.  When  the  fly  comes  on  the  circle  of  illumination,  it  wiU 
then  just  begin  to  see  the  candle ;  and  when  it  is  passing  out  of  the 
circle  of  illumination,  on  the  other  side,  the  candle  will  just  be  disap- 


Fig.  8.    Light  and  Shade. 

pearing  to  it ;  but  when  it  is  in  the  middle  of  these  two  points,  the  can- 
dle will  shine  directly  or  perpendicularly  over  it,  and  here  it  will  enjoy 
the  greatest  amount  of  light  and  heat  from  the  candle.  So  it  is  with 
our  earth ;  the  sun  enlightens  one  half  of  the  earth  at  one  time,  the  other 
half  bemg  in  darkness.  When  a  place  just  comes  within  the  circle  of 
tUumination,  the  sun  then  begins  to  shine  or  rise  to  that  place ;  and  on 
the  contrary,  wben  the  place  is  just  going  out  of  the  circle  of  illumina- 
tion, the  sun  will  be  disappearing  or  setting  to  that  place ;  and  midway  ^ 
between  these  two  lines  of  illumination,  the  sun  will  shine  directly  orer, 
or  perpendicularly  over  the  place,  and  tAen  it  will  be  noon  to  that 
place. 
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Now,  if  the  earth  were  standing  still,  one  half  of  it  would  haye  per- 
petual day,  and  the  other  half  would  have  perpetual  night.  But  in 
order  that  the  whole,  or  nearly  the  whole,  of  the  earth  may  be  habitable, 
it  is  ordained  by  our  good  and  all- wise  Creator,  that  the  earth  should 
torn  round  once  every  natural  day,  so  that  every  portion  might  enjoy,  in 
succession,  the  light  and  heat  of  the  sun.  This  motion  of  the  earth  is 
called  the  diurnal  or  daily  motion. 

15.  But  how,  it  may  be  asked,  do  we  think  that  the  sun  and  stars 
move  from  east  to  west  ?  Just  in  the  same  way  as  when  we  are  in  a 
railway  carriage  we  bcflieve,  if  our  reason  were  not  to  correct  the  belief, 
that  the  nearest  trees  and  houses  have  a  motion  contrary  to  that  which 
we  really  have. 

In  order  to  illustrate  this  still  further:  let  b 

A  represent  an  object  capable  of  moving 
xonnd  the  globe  £  F,  which  admits  of  turn- 
ing, on  its  axis  o.  First  let  the  object  A 
move  round  the  globe  in  the  direction  of  the 
arrow  shown  in  the  figure,  while  the  globe 
itself  remains  at  rest ;  the  object  at  A  will 
appear  in  the  horizon  tq  a  spectator  at  E ;  . 
but  as  the  object  moves,  it  wiU  appear  to  tho 
spectator  to  rise  higher  and  higher  above  the 
horizon,  until  it  arrives  at  B,  when  it  will 
appear  in  the  zenith,  or  directly  over  the 

head  of  the  person.  Next  let  the  globe  turn  round  on  its  axis  o,  in  a 
direction  eofUrary  to  that  in  which  the  object  moved,  as  shown  by  the 
arrow  in  the  figure,  while  the  object  A  stands  still ;  the  apparent  motion' 
of  the  object,  as  seen  by  the  spectator  at  E,  will  bo  exactly  the  same  as 
before ;  thus,  when  the  globe  begins  to  revolve,' the  object  A  will  appear 
to  th'e  spectator  E  to  be  in  the  horizon ;  but  as  the  globe  turns  round, 
the  object  A  will  appear  to  rise  higher  and  higher  above  the  horizon, 
until  the  spectator  has  turned  round  to  F,  when  the  object  will  appear 
in  his  zenith,  or  directly  over  his  head.  Now,  if  the  globe  turned  round 
on  its  axis  without  any  jarring  motion,  or  without  any  jolting  or  shak- 
ing, as  the  earth  really  does,  so  that  our  spectator  might  be  altogether 
insensible  of  his  own  motion,  then  it  is  plain  that  he  would  at  first  be- 
lieve tha^  the  object  had  moved  from  A  to  B,  that  is,  from  his  horizon  to 
his  zenith,  in  the  place  of  having  himself  moved  round  with  the  globe 
from  E  to  F.  Thus  the  apparent  motion  of  the  heavens,  from  east  to 
west,  would  be  produced  by^the  actwU  rotation  o^  the  earth  on  its  axis 
from  west  to  east. 


It  would  be  opposed  to  the  simplicity  which  we  every  where 
observe  in  the.works  of  God,  as  well  as  at  variance  with  the 
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known  1aw8  of  mechaRics,  to  suppose  that  the  sun,  with  manj 
thousands  of  worlds,  most  of  which  are  vastlj  larger  than  our 
own,  should  move  round  our  globe  once  in  everj  daj,  when 
the  same  end  oonld  be  served  by  our  earth  simply  turning  on 
its  aicis.* 

LINES   UPON   THE    GLOBE. 

16.  The  earth,  then,  makes  a  complete  revolution  every 
day ;  the  line  about  which  it  turns  is  called  the  axis  of  tJU 
earth  ;  and  the  points  where  this  .imaginary  axis  pierces  the 
earth's  surface  are  called  the  poles ;  there  are,  therefore,  two 
poles,  the  one  being  called  the  north  pole,  the  other  the 
south  pole.  If  a  line  be  drawn  round  the  earth,  every  where 
at  the  same  distance  from  the  two  poles,  it  will  form  the 
equcUor. 

If  you  spin  a  globe  upon  its  axis,  you  will  find  thut  tbe  line  whidi  ve 
call  the  equator  has  the  quickest  motian,  and  that  the  poles  are  the  only 


StnOh  Ftite. 
Fig.  10.    The  Globe. 

points  on  the  surface  of  the  globe  which  have  no  motion.  In  this  figure^ 
N  S  represents  the  axis  of  the  earth,  N  the  north  pole,  S  the  south  pole, 
£  Q  the  equator. 

•  The  rotation  of  tiie  earth  has  recently  been  proved  by  an  experiment 
vMti  a  long  pendulum. 


i 
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The  equator,  therefore,  divides  the  earth  iato  two  equal 
parts ;  the  portion  E  N  Q  is  called  the  northern  hemisphere^ 
or  half  sphere ;  and  the  portion  £  Q  S  is  called  the  southern 
hemisphere.^ 

'  Circles  upon  the  globe  are  divided  into  360  equal  parts, 
and  each  part  is  called  a  degree.  A  semicircle,  or  half  circle, 
will  contain  180  degrees,  (180°.)  A  quadrant,  or  quarter 
oirde,  will  contain  90  degrees,  (^(f.)  The  distance  of  the 
equator  from  either  of  the  poles  will,  therefore,  contain  W*^ 


LATITUDE  AND  LONGITUDE. 

17.  An  imaginary  line  drawn  over  the  surfiuse  of  the  earth 
from  the  north  to  the  south  pole  is  called  a  meridian^  because, 
when  any  meridian  is  opposite  to  the  sun,  it  is  midday^  or 
noon,  to  all  places  on  that  line.  These  circles  will  all,  evident^ 
ly,  lie  due  north  and  south.  Meridian  lines  are  also  called 
fines  of  longitude.  The  meridian  passing  through  Greenwich 
is  called  the  first  meridian,  or  the  one  to  which  the  position 
of  all  the  others  is  referred. 

18.  The  longitude  of  a  place  is  its  distance,  in  degrees, 
east  or  west,  from  the  first  meridian.  Thus  America  has 
west  longitude,  whereas  Asia  and  Africa  have  east  longitude. 

19.  The  latitude  of  a  place  is  its  distance  from  the  equa- 
tor. All  places  in  the  northern  hemisphere  have  north  lati- 
tude ;  and  on  the  contrary,  all  places  in  the  southern  hemi- 
sphere have  south  latitude.  Thus  a  place  midway  between 
the  equator  and-lkorth  pole  will  have  45^  north  latitude; 
whereas  a  place  midway  between  the  equator  and  the  south 
pole  will  have  45°  south  latitude.  London,  being  blip  from 
the  equator,  has  51i°  north  latitude. 

20.  Lines  drawn  round  the  earth  parallel  to,  or  even  with, 
the  equator,  are  called  parallels  of  latitude.    These  lines  are 

*  In  ginng  these  lessons,  it  is  desirable  that  the  teacher  should  be  pro- 
Tided  with  a  small  white  globe,  having  a  rod  passing  through  it  to  represent 
the  axis  of  the  earth,  and  haTing  also  all  the  eaaeatii^  tinea  npoa  the  terres- 
trial globe,  painted  in  strong  black  lines. 
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called  trnaU  circleSf  because  they  are  less  than  the  great  circles, 
or  circles  which  divide  the  globe  into  two  equal  parts,  like  the 
equator.  The  use  of  parallels  of  latitude  is  to  point  out 
places  that  have  the  same  latitude  or  distance  from  the  equa- 
tor. The  latitude  of  a  place  will  obviously  be  measured  upon 
the  meridian  passing  through  the  place. 

21.  In  order  to  fix  the  exact  podtuni  of  a  place,  we  must  have  its 
distances  firom  two  known  lines.  Thus  my  position  in  this  room  will  be 
known  when  I  tdl  you  that  I  am  twelve  feet  from  the  wall  in  front  of 
me,  and  ten  feet  from  the  wall  to  the  right  of  me.  So  it  is  with  respect 
to  the  earth ;  when  we  know  the  distance  of  a  place>  north  dr  south, 
from  the  eqiiator,  and  at  the  same  time  its  distance,  east  or  west,  from 
the  first  meridian,  the  position  of  that  place  becomes  known*  A  merid- 
ian, drawn  through  a  place,  will  cut  the  equator  in  a  certain  point,  the 
distance  of  which  from  the  first  meridian,  measured  in  degrees  on  the 
equator,  will  give  the  longitude  of  the  place ;  and  the  distance  of  the 
place  from  the  equator,  measured  in  degrees  upon  the  meridian,  will  give 
the  latitude.  Thus,  if  the  meridian  passing  through  the  place  lies  23® 
to  the  cast  of  the  first  meridian,  then  the  pUce  will  have  23°  east  longi- 
tude ;  and  if  the  place  be  40®  north  from  the  equator,  the  latitude  will 
be  40®  north. 

22.  Because  the  earth  turns  once  on  its  axis  from  west  to  east,  or  de- 
scribes 360  degrees  in  the  course  of  twenty-four  hours,  it  follows  that 
the  twenty-fourth  part  of  360°,  or  16®,  will  be  turned  round  every  hour. 
A  place,  therefore,  having  15®  east  longitude,  will  have  noon  one  hour 
before  us ;  and  a  place  having  15®  west  longitude  will  have  noon  one 
hour  after  us.  In  general,  we  must  allow  an  hour  as  the  difference  of 
time  between  any  two  places  for  every  15®  difference  of  longitude. 
Thus  Alexandria  has  30®  east  longitude ;  consequently  as  many  times 
as  15®  can  be  taken  out  of  30®,  so  many  hours  will  the  people  of  this 
place  have  noon  before  us  in  London ;  that  is,  thdr  noon  will  take  place 
two  hours  before  our  noon. 

23.  By  this  meansj  seamen  are  enabled  to  find  thor  longitude :  sap- 
pose,  for  example,  that  the  pointer  of  the  clock  which  they  take  with 
them,  keeping  Greenwich  time,  should  be  at  nine  o'clock  in  the  morn- 
ing, when  it  is  noon  to  the  place  of  observation ;  then  the  difference  of 
time  being  three  hours,  the  difference  of  longitude  will  be  three  times 
15®,  or  45®  ;  but  as  the  place  of  observation  has  noon  before  us,  it  will 
consequently  have  45®  east  longitude. 

24.  As  the  length  of  the  parallels  of  latitude  become 
shorter  and  shorter  as  ihej  approach  the  pole,  it  follows  that 
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a  degree  of  longitude,  estimated  on  any  parallel  of  latitude,  is 
shorter  than  a  degree  on  the  equator.  This  principle  is  ob« 
served  in  the  construction  of  maps. 

*  THE   TROnCS   AND    ECLIPTIC. 

25.  If  the  sun  were  always  shining  perpendicularly  over 
the  equator,  as  in  Fig.  11,  the  length  of  the  day  and  night 
would  always  be  equal  all  over  the  globe.  The  sun  has  this 
position  at  the  commencement  of  our  spring  and  autumn,  that 
isy  on  the  21st  of  Malrch  and  on  the  22d  of  September. 


Fig.  11.    The  Sun  in  Spring  and  Autumn. 

Owing  to  causes  which  will  afterwards  be  explained,  we  find  that 
during  our  midsummer  day,  the  sun  shines  perpendicularly  over  a  line 
c  V,  going  round  .the  earth  2Si°  on  the  northern  side  of  the  equator. 
(See  Figs.  11,  12.)  This  line  is  called  the  tropic  of  Concert  because 
the  sun  appears  to  us,  at  this  time,  amongst  a  certain  group  of  stars 


Fig.  12.    The  Sun  in  Summer. 

called  the  constellation  of  Cancer,  or  the  Crab.  Now,  as  the  sun  en- 
lightens one  half  of  the  globe  at  one  time,  it  follows  that  his  light  must 
extend  23^^  over  the  north  pole,  that  is,  to  the  point  e  in  the  figure,  and 
a  line  e  d,  drawn  round  the  earth  parallel  to,  or  eren  with,  the  equator* 
is  called  the  arctic  circle. 
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In  like  manner,  dnring  <mr  midwinter  day,  (see  Fig.  13,)  tbe  son 
shines  perpendicularly  oyer  a  line  gp,  23^^  on  the  aouth  tide  of  the 


equator ;  this  line  is  called  the  tropic  of  Ct^meom,  because  the  son 
appears  to  us,  at  this  time,  amongst  a  group  of  stars  called  the  coosteUa- 
tian  of  Capricorn,  or  the  Goat;  and  the  line  fqm  the  figure,  drawn 
round  ,the  earth  at  the  distance  of  23i°  from  the  south  pole,  is  called  the 
tmtarctic  drde. 

If  a  line  c  p  be  now  drawn  round  the  earth  between  the  tropics  of 
Cancer  and  Capricorn,  it  will  form  the  ecliptic  or  apparent  path  of  the 
sun  throughout  our  year.  The  ecliptic  is,  therefore,  inclined  to  the 
equator  at  an  angle  of  28^1''. 

THE   ZONES    ON  THE   EARTH. 

26.  To  mark  out  the  climates  upon  the  earth,  its  surface  is 
divided  into  five  zones  or  belts.  The  portion  lying  between 
the  tropics  of  Cancer  and  Capricorn  is  called  the  torrid 
zone,  or  hot  zone ;  for  here  the  sun,  shining  almost  perpen- 
dicularly upon  the  earth,  will,  in  general,  cause  this  portion 
to  be  very  warm.  The  portion  in  the  northern  hemi- 
sphere lying  between  the  tropic  of  Cancer  and  the  arctic 
circle  is  called  the  north  temperate  zone;  and  the  corre- 
sponding portion  in  the  southern  hemisphere,  lying  between 
the  tropic  of  Capricorn  and  the  antarctic  circle,  the  south 
temperate  zone.  The  surface  within  the  arctic  circle  is 
called  the  north  frigid  zone,  and  that  within  the  antarctic 
circle,  the  south  frigid  zone ;  because,  from  the  slanting 
direction  with  which  the  sun's  rays  meet  the  surface  of  the 
earth  at  these  regions,  they  are  found  to  be,  in  general,  very 
cold. 
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-  27.  It  is  cMvaOB  that  the  only  pUoes  on  the  earth  to  irhich  the  sun 
can  be  yertical  are  those  lying  within  the  tomd  zone ;  and  that  to  all 
such  places  there  can  be  but  little  Yariation  in  the  length  of  the  days. 
"Whereas  within  the  fiigid  zones  the  sun  will  shine  for  a  certain  series 
of  days  without  setting,  and  fiv  a  oonresponding  number  of  days  he  will 
not  appear  above  the  horijon. 

28.  The  elevation  of  the  polar  star  is  equal  to  the  latitude 
of  the  place. 

To  undentand  this,  let  us  suppose  that  we  are  at  the  equator ;  then 
the  polar  star  will  be  in  our  horizon,. being  90^  from  our  tenith,  or  the 
point  over  our  heads.  Now  suppose  we  travel  1^  on  a  meridian  line,  or 
directly  towards  the  north  pole,  then  the  polar  star  will  appear  elevated 
1^  above  our  horizon ;  by  travelling  2^,  the  polar  star  will  appear  ele- 
vated 29 ;  half  way  between  the  equator  and  the  pole,  our  distance  tnm 
the  equator  will  be  45°,  and  then  the  polar  star  will  appear  to  us  elevated 
46°,  and  so  on.  Thus  it  is  that  the  elevation  of  the  polar  star  gives  us 
the  latitude  of  the  place.  By  this  means  navigators  sailing  on  an  ex- 
panse of  ocean  can  find  the  latitude  of  the  plaoe  where  they  are. 


MEASUREMENT   OF  THE  EARTH. 

29.  The  same  course  of  reasoning  will  show  how  a  decree  on  the 
earth's  mrface  ia  measured.  At  London,  the  elevation  of  the  polar  star 
is  about  51<|°  ;  now  if  we  travel  due  north  until  we  find  its  elevation  to 
be  62^^,  we  shall  have  travelled  over  1°,  or  the  360th  part  of  the  earth's 
circumference ;  and  if  this  distance  be  accurately  measured,  it  will  be 
found  to  be  about  69i  miles,  which  is  oonsequently  the  length  of  a  de- 
gree. The  whole  circumference  of  the  earth  will  therefore  be  about  360 
times  692  miles,  or,  iu  round  numbers,  25,000  miles. 

It  must,  however,  be  observed,  that  the  earth  ia  not  an  exact  sphere,  for 
it  has  been  found  that  the  length  of  a  degree 'measured  towards  the 
poles  is  greater  than  it  is  at  the  equator;  thereby  showing  that  the  earth 
is  a  little  flattened  at  the  poles,  so  that  the  diameter  passing  through  the 
equator  is  about  26  ttiles  greater  than  the  diameter  paanng  through  the 
poles. 

ANNUAL  MOTION  OF  THE  EARTH. —  CAUSE  OF  THE 
SEASONS. 

SO.  Besides  the  spinning  motion  of  the  earth  upon  its  axis, 
we  have  said  that  it  moves  round  the  sun  in  the  course  of  a 
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year,  in  a  path,  or  whity  which  is  nearly  circalar.  This  an- 
nual motion,  combined  with  the  unchanging  direction,  or  /Nir- 
aUelUm^  of  the  earth'js  axis,  is  the  cause  of  the  seasons. 

Let  the  small  globe  be  carried  round  a  candle  (covered  with  a  glna 
shade  about  the  same  tm  as  the  globe)  at  the  same  time  that  it  is  kept 
spuming  upon  its  axis;  then  we  shall  have  a  tolerably  correct  exhibition 
of  the  twofold  motion  of  the  earth,  Tiz.,  its  dhtmal  or  daily  motion  on 
its  axis,  and  its  annual  motion  round  the  sun.  The  path  in  which  the 
globe  is  mored  will  represent  the  orhit  of  the  earth,  and  a  level  or  eren 
surface  going  through  this  path  will  represent  the  plane  of  the  earth's 
orbit.  Again,  let  our  little  globe  "be  carried  round  the  candle,  with  its 
axis  perpendicular  or  upright  to  the  plane  of  the  orbit ;  then  it  will  be 
seen  that  the  circle  on  the  globe  separating  the  light  and  shade  passes 
through  the  poles  throughout  the  whole  revolution ;  this  position  of  the 
axis,  therefore,  will  not  account  fbr  the  changes  of  the  seasons. 

Let  the  globe  be  now  carried  round  the  candle  with  the  axis  constantly 
inclined  to  the  plane,  or  sur&ce  of  the  table,  at  the  same  angle ;  then,  in 
every  position  of  the  globe,  it  will  be  seen  that  the  axis  always  UfiB  in 
the  same  direction,  or  that  it  is  always  parallel  to  itselil 


Let  the  gbbe  haye  the  position  0  in  the  figure^  where  the  axis  is  in- 
clined towards  the  sun,  so  that  a  rod  extended  from  the  candle^  xepie- 
senting  the  sun,  shall  l)p  perpendicular  to  the  tropic  of  Cancer,  1^  • ; 
then,  as  the  light  will  extend  over  90®  every  way  from  e,  the  drde  •  / 
which  separates  the  light  and  shade  will  pass  231°  over  and  beyond  the 
nortii  pole;  and  therefiare^  duzing  the  zevolation  of  the  globe  on  its  1 
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the  whole  of  the  north  frigid  nme  will  be  enlightened,  and  on  the 
contrary,  the  whole  of  the  south  frigid  zone  will  be  in  darkness.  In 
order  to  illustrate  this,  suppose  a  little  fly  were  placed  upon  the  arctic 
circle ;  then  throughout  a  whole  revolution  the  creature  will  not  have 
gone  without  the  light  of  the  candle;  and  on  the  contrary,  let  the  crea- 
ture be  placed  upon  the  antarctic  circle ;  then,  throughout  a  whole  revo- 
lution it  will  not  have  cpme  within  the  light  at  all.  It  will  also  be  seen 
that  all  places  in  the  northem  hemisphere  will  be  longer  in  the  circle  of 
light  than  iu  the  circle  of  darkness;  and  on  the  contrary,  all  places  in 
the  southern  hemisphere  will  be  longer  in  the  circle  of  darkness  than  in 
the  circle  of  light ;  that  is,  in  the  former  hemisphere,  the  day,  as  in  oiur 
summer,  will  exceed  twelve  hours ;  whilst  in  the  latter  hemisphere,  the 
day  will  be  less  than  twelve  hours.  Whereas,  exactly  on  the  equator, 
the  days  will  not  alter  in  their  length.  This  position  of  the  globe  cor- 
responds to  our  midsummer,  or  21st  of  June. 

Constantly  keeping  the  axis  pointing  in  the  same  direction,  let  the 
gbbe  be  brought  to  the  position  b  of  the  figure,  where  the  axis  neither  ' 
inclines  to  the  sun  nor  from  the  sun;  now  the  light  will  fall  perpendic- 
ularly on  the  equator ;  the  circle  separating  the  light  and  shade  will  pass 
through  the  poles,  and  therefore  the  days  and  nights  will  be  equal  all 
over  the  globe.  This  position  corresponds  to  our  autumnal  equinox^  the 
22d  of  September,  or  to  that  time  in  autumn  when  the  length  of  the 
night  equals  the  length  of  the  day.  Still  keeping  the  axis  pointing  in 
the  same  direction,  let  the  globe  be  now  brought  to  the  position  9,  where 
the  north  pole  inclines  away  from  the  sun.  Here  the  revene  of  what  was 
observed  in  the  first  position  e  will  now  take  place.  The  sun  will  shine 
perpendicuHkrly  over  the  tropic  of  Capricorn,  and  the  southern  hemi- 
sphere will  enjoy  more  of  the  sun's  light  and  heat  than  the  northem. 
This  position  corresponds  to  our  midwinter,  the  21st  of  December,  and 
then  our  days  will  be  at  their  shortest. 

Let  the  globe  now  be  brought  to  the  position  d  of  the  figure ;  then, 
here  again,  the  axis  neither  inclining  to  the  sun  nor  from  the  sun,  the 
days  and  nights  will  be  equal,  as  at  the  autumnal  equinox.  This  posi- 
tion coiresponds  to  our  vernal  or  ipring  equinox,  the  20th  of  March. 

When  the  globe  is  brought  to  the  position  c,  it  has  made  a  complete 
revolution  in  its  orbit,  and  the  period  corresponds  to  our  natural  year,  or 
365  days,  5  hours,  48  minutes,  and  51  seconds.  Particular  attention 
should  be  given  to  the  circumstance  that  the  axis  of  the  globe,  through- 
out the  whole  revolution,  has  maintained  its  paralkliam, 

31.  While  the  earth  thus  performs  a  revolution  in  its  orbit,  the  sun 
will  appear  to  us  to  make  a  complete  revolution  in  the  heavens,  through 
the  different  constellations  in  the  zodiac  at  belt  of  stars.  Thus,  in  our 
midstUDnier»  the  sun  will  be  referred  to  the  sign  23t  or  constellation  of 
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Canocf ;  in  oar  autmnnal  equinox,  to  the  agn  of  L£bn,  or  ^ ;  in  oar 
midwinter,  to  the  sign  of  C^vioomitt,  or  Vf ;  end  in  our  Temal  equinox* 
to  the  ngn  of  Ariel,  or  cp. 

32.  Thus  the  ehangei  of  the  eeesone,  ae  well  as  the  apparait  annual 
motion  of  the  sun,  are  perfectly  explained  by  snpposing  the  earth  to 
move  round  the  sun.  But  why,  it  may  be  ai^ed,  do  we,  in  ofvpoaitioo 
to  the  first  impreaiion  of  our  senaes^  bcdiere  that  the  earth  mores,  butead 
of  the  sun  f  /ust  ftr  the  same  reason  that  we  inftr  that  the  ^ipareni 
diurnal  revolution  of  the  sun  round  the  earth  is  produced  by  the  actual 
rotation  of  the  earth  on  its  axis  in  every  twenty-fbur  hours. 

33.  The  distance  of  the  earth  from  the  sun  is  about  ninety-five  mil- 
lions of  miles.  Li  order  to. form  some  oonoeption  of  this  immense  dis-^ 
tance,  let  us  suppose  a  body  to  move  from  the  earth  to  the  sun  with  the 
speed  of  one  of  our  railway  carnages,  (60  miles  per  hour ;)  then  it  would 
take  about  220  years  to  arrive  at  the  sun. 


THE  MOON. 

84.  The  diameter  of  the  moon  is  about  2000  mfles,  or 
about  one  fourth  the  diameter  of  the  earth ;  ^he  performs  a 
revolution  round  the  earth  in  27  days^  7  hours,  48  minutes,  in 
an  orbit  whose  radius  is  about  240,000  miles,  or  about  ($0 
times  the  earth's  radius.  The  moon  always  presents  the 
same  face  to  us ;  hence  it  follows  that  she  must  tur^  round  on 
her  axis  in  the  same  time  that  she  revolves  round  the  earth. 

MOUNTAIKS  AND   CAVITIES   ON  THB  MOON. 

8$.  When  the  moon  is  viewed  through  a  telescope,  various 
spots,  of  diflTerent  degrees  of  brightness  and  depth  of  shade, 
are  observed  on  her  surface.  The  darkest  portions  are  caused 
by  deep  cavities  and  vaUejrs ;  those  of  a  lighter  shade  by  the 
shadows  of  high  mountains ;  and  the  brightest  spots  are  the 
illuminated  tops  of  the  mountains,  which  look  like  £he  craters 
of  volcanoes. 

The  heights  of  many  of  the  mountains  on  the  moon  have  been  calcu- 
lated ftom  the  lengths  of  the  shadows  which  they  oast.  The  loftiest  of 
them  are  about  two  miles  high.  The  moon  has  no  olouds.  nor  have  any 
decided  indications  of  an  atmoq>hexe  been  observed.  It  therefore  aeema 
improbable  that  Uving  bdnfs,  such  as  wf  "^ere. 


r- 
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the  Earl  oi  Hoese,  who  has  recently  completed  another  telescope,  the 
largest  ever  made,  alluded,  at  a  late  meeting  in  London,  to  its  efibcts. 
He  said  that,  with  respect  to  the  moon,  every  object  on  its  surface  of  100 
feet  in  height  was  now  distinctly  to  be  seen ;  and  he  had  no  doubt, 
.under  veiy  favorable  circumstances,  it  would  be  so  with  objects  60  feet  in 
height.  On  its  surface  were  craters  of  extinct  volcanoes,  rocks,  and 
masses  of  stones,  almost  innumerable.  There  were  no  signs  of  habitations 
such,  as  ours :  no  vestiges  of  architecture  remain  to  show  that  the  moon 
is  or  ever  was  inhabited  by  a  race  of  mortals  similar  to  ourselves.  It 
presented  no  appearance  which  cotild  lead  to  the  supposition  that  it  con- 
tained any  thing  like  green  fields  and  the  lovely  verdure  of  this  beautiful 
•  world  of  ours.  There  was  no  water  visible  —  not  a  sea  or  a  river :  all 
seemed  descdate. 


PERIODICAL   AND   STNODICAL   MOKTH. 

96«  Like  the  snn  and  phinets,  the  moon,  in  consequence  of 
her  reTohition  round  the  earth,  has  an  apparent  motioa  from 
west  to  east  among  the  stars  of  the  zodiac.  Her  motion 
among  the  stars  is  so  rapid  that  it  may  be  readily  perceived 
by  a  few  hours'  observation  on  any  moonlight  night.  As  al- 
ready stated,  she  makes  a  complete  revolution  in  the  heavens 
In  27  days,  7  hours,  48  minutes ;  that  is  to  say,  she  takes  this 
time  in  passing  from  a  star  to  returning  to  the  same  star  again : 
this  is  catted  her  periodical  month  ;  but  the  time  from  new 
moon  to  new  moon  again  is  rather  longer  than  this,  in  conse- 
quence of  the  motion  of  the  earth  in  its  orbit  The  time  be* 
tween  every  new  moon  is  29  days,  12  hours,  44  minutes :  this 
is  called  the  tynodical  month. 

Let  S  (Ilg.  I5)repM8ent  the  sun ;  Etheearth;  A  B  apart  of  its  orbit ; 
II  C  (he  orbit  of  the  moon  round  the  earth ;  M  her  position  at  new  rnoon^ 
which  is  in  a  line  drawn  from  the  earth  to  the  sun.  Now,  if  the  earth 
had  no  motion,  the  moon  would  move  round  in  her  orbit  and  return  to 
the  position  M  In  a  periodic  month ;  but  while  the  moon  is  describing  a 
revolution,  the  earth  will  have  moved  over  about  the  twelfth  part  of  its 
orbit,  suppose  from  £  to  0.  The  moon  will  then  be  at  n,  where  0  n  is 
drawn  parallel  to  £  M,  and  she  must  therefore  move  over  an  additional 
portion  »  m  of  her  orbit  before  she  comes  again  in  the  line  e  S  joining  the 
earth  and  the  sun.  This  additional  portion,  being  ahout  the  twelfth  part 
«f  h«r  Whole  otbitr  oecas&ons  the  time  of  the  ayoodical  refolotiai  to 
32* 
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exceed  the  penodicel  by  rather  more  than  two  days.    This  ia  wdl  flloa^ 
trated  by  the  relative  motioDs  of  the  hour  and  minute  handaof  a  watch : 


Fiji,  15.    Petiodical  and  Synodical  Month. 

at  12  o'clock  the  hands  are  together,  but  before  they  can  come  together 
again  the  minute  hand  must  more  over  a  whole  revdution  and  rather 
mqre  than  the  twelfth  part  of  another  on& 


THE  moon's   phases. 

87.  The  sun  always  enlightens  one  half  of  the  moon ;  bat 
as  her  enlightened  hemisphere  is  always  directed  towards  the 
sun,  she  presents  different  phases  of  illumination  to  us  as  she 
moves  in  her  orbit.  Sometimes  we  see  the  whole  of  her  en- 
lightened disk,  sometimes  only  a  small  portion  of  it,  and  at 
other  times  none  at  all. 

Let  E  represent  the  earth ;  (see  Fig.  16 ;)  S  the  sun ;  and  a,  i^  e,  d^  e, 
/,  g,  h  the  moon  in  different  parts  of  her  orlnt,  having  her  enlightened 
hemisphere  always  turned  towards  the  sim.  The  little  circles  outside 
of  the  line  representing  the  moon's  orbit  show  the  moon's  faces  at  the 
respective  positions,  as  seen  by  an  observer  on  the  earth. 

When  the  moon  is  at  a,  in  a  line  with  the  earth  and  the  sun,  the  dark 
face  of  the  moon  is  turned  towards  the  earth ;  the  moon  is  then  at  her 
change^  or  she  is  called  new  moon*  She  is  also  at  this  time  in  oot^ncUon 
with  the  sun. 

At  6  a  small  portion  of  her  enlightened  hemisphere  is  turned  towards 
the  earth,  and  she  then  appeals  homed. 

At  0  one  half  of  her  enlightened  hemisphere  is  turned  towards  the 
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earth,  and  she  then  appears  as  half  moon.    This  takes  place  at  the  eod 
of  her  first  quarter,  or  at  her  quadratures. 

At  d  about  three  quarters  of  her  enlightened  hemisphere  is  yisible  to 
us,  and  she  is  then  said  to  be  ffStbous, 


o 


The  Moon's  Phases. 


At  09  when  she  has  completed  one  half  of  ^er  revolution,  the  whole 
of  her  enlightened  hemisphere  is  visible  to  us,  and  she  is  thenJtM  moon. 
In  this  position  she  is  said  to  be  in  opponticn  to  the  sun.  If  the  plane 
of  the  moon's  orbit  had  exactly  coincided  with  that  of  the  earth's,  she 
would  have  been  invisible  to  us  at  this  period,  for,  in  this  case,  the  earth 
would  hove  obstructed  the  sun's  light ;  but  it  so  happens,  that  she  is 
mostly  either  above  or  below  the  line  connecting  the  earth  and  the  sun» 
and  hence  it  is  that  we  usually  see  the  whole  of  her  enlightened  face. 
This  will  be  better  understood  when  we  oome  to  consider  the  subject  of 
eclipses. 

At  /  she  is  gibbous,  at  g  half  moon,  at  h  homed,  and  at  a  she  again 
becomes  invisible. 

ECLIPSES. 

88.  An  eclipse  of  the  san  is  called  a  solar  eeUpUj  and  that 
of  the  moon  a  lunar  eclipse.  When  the  moon  comes  between 
the  earth  and  the  son,  his  light  is  obstructed,  and  an  eclipse 
of  the  sun  is  produced ;  and  an  eclipse  of  the  moon  takes 
place  when  the  earth  is  between  the  sun  and  the  moon.  Hence 
it  is  that  eeUpses  of  the  moon  can  only  occur  at  her  fuU^  or 
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fthen  gke  tV  m  opptmttofiy  and  eclipses  of  tiie  sua  »t  ber  ciuia^e^ 
or  when  she  is  in  conjunction ;  moreover,  the  three  bodies  mnsi 
be  in,  or  nearly  in,  the  same  straight  line. 

Now,  if  the  nuxm's  orist  were  in  the  same  plane  as  the  ecfiptic  or  path 
of  the  earth,  then  the  sun  would  be  edipaed  at  ereiy  new  moon,  and  the 
moon  would  be  eclipsed  at  eveiy  full  moon.  But  as  her  orint  is  a  little 
inclined  to  the  earth's,  she  is  mostly  eidlcr  above  the  ecUptic  or  below  it 
when  she  is  in  opposition  and  conjunction*  The  points  where  the  moon's 
orbit  cuts  the  plane  of  the  ecliptic  are  calM  the  nodM;  henee  it  follows 
that  eclipses  can  only  take  place  when  the  moon  happens  to  be  in  cr 
near  one  of  the  nodes  at  the  moment  she  is  in  opposition  or  conjunction. 
In  the  course  of  a  year  there  may  be  seven  edipaes  of  the  son  and 
moon  -~  five  of  the  sun  and  two  of  the  moon,  or  four  of  the  ann  and 
three  of  the  moon.  Lunar  and  solar  eclipses  diifer  very  snich  fiom 
each  other  in  certain  respects :  a  lunar  eoHpae  may  be  seen  at  the  aame 
time  by  all  persons  to  whom  the  moon  is  visible,  whereas  a  solar  eclipse 
may  be  seen  by  one  person  and  not  by  another ;  again,  an  eclipse  of  the 
sun  can  never  last  more  than  eight  minutes,  whereas  an  eclipse  of  the 
moon  frequently  oontiaues  for  ttora  than^twahfiurs. 

39.  Eclipse  of  the  moon*  —  If  the  whole  disk  or  face  of 
the  moon  is  immersed  in  the  shadow  east  by  the  earth,  then 
the  eclipse  is  said  to  be  totai ;  and  the  eclipse  is  said  to  be 
partial  when  only  a  part  of  the  disk  is  obscured. 


Fig.  17.    Total  Edipse  of  the  Moon. 

In  Pig.  17  a  total  eclipse  of  the  moon  is  shown ;  S  represents  the  sun ; 
E  e  the  earth ;  A  B  the  moon's  orbit  round  the  earth ;  £  0  Y  the  conical 
shadow  cast  by  the  earth ;  M  the  dark  body  of  the  moon  totally  im- 
mersed in  this  shadow. 

It  is  always  observed  that  the  edge  of  the  earth's  shadow  on  the  fiiee 
of  the  moon  is  circular ;  now,  this  proves  that  the  earth  is  a  globe,  for  no 
body  but  a  globe  will  always  cast  a  circular  shadow.  Take  an  orange 
and  hold  it  on  a  level  with  the  flame  of  a  candle ;  observe  the  shadow 
which  is  cast  upon  a  dieet  of  piE^er  held  at  different  distances  frtim  the 
orange. 
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40.  Belipte  vf  the  tun.  —  A^etnl  ^dtpeetif  the  «iin  takes 
place  at  that  part  of  the  earth's  suiface  whidi  is  immersed 
in  the  moon's  shadow. 

Pig.  18  repreMniB  a  total  ecUpte  of  the  scm ;  where  S  represents  the 
mm ;  £  « the  earth ;  A  B  the  moon's  orbit ;  M  the  moon  exactly  in  a 


Fig,\%.    Total  Eclipfle  of  the  San. 


line  between  the  sun  and  the  earth ;  c  n  a  o  the  moon's  shadow  cast 
upon  a  small  portion  of  the  earth  at  a  o :  this  dark  shadow  is  called  the 
tcmftra.  The  sun  will  appear  totally  eclipsed  to  persons  living  within  ao; 
but  to  persons  living  without  this  portion,  that  is,  between  a  o  and  E  «, 
the  sun  vnll  be  visible.  Between  a  o  and  6  r  the  snn  will  be  partially 
obscured :  this  portion  of  the  shadow  is  called  the  penumbrOf  because  it 
is  not  so  dark  as  the  umbra,  or  the  portion  in  the  full  shadow. 

Within  the  umbra,  therefore,  a  total  eclipse  takes  place ; 
whereas  within  the  penumbra  the  sun  is  only  partially  eclipsed. 

41.  Annular  eclipse,  —  If  the  conical  shadow  of  the  moon 
does  not  reach  the  earth,  then  an  annuiar  eclipse  will  take 


Fiff.  19.    Annular  Edipse. 


I^aoe  to  all  persons  immediately  below  the  vertex  of  the 
moon's  shadow ;  that  is,  the  moon  will  appear  like  a  black  spot 
upon  the  sun,  surrounded  bj  a  ring  of  light. 

Here  the  TCtteac  of  the  moon's  conieal  shadow  does  not  rcadi  die  earth 
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at  o ;  to  that  a  apectator  at  a  will  see  the  moan  like  a  dark  ipot  nearij 
corering  the  sun's  disk. 


THE  SUN  AND  PLANETS. 

42.  Having  described  the  motions  of  the  earth  and  the 
moon,  we  shall  now  treat  of  the  sun,  with  the  other  bodies 
composing  the  solar  system. 

43.  The  planets  are  opaque  bodies ;  that  is  to  saj,  thej  do 
not  emit  any  light  of  their  own,  but  merely  shine  with  the 
light  borrowed  from  the  sun.  This  is  proved  by  means  of  the 
telescope,  which  shows  that  they  present  faces  similar  to  the 
moon's,  having  their  enlightened  sides  always  turned  towards 
the  sun. 

44.  The  planets  are  divided  into  inferior  and  superior: 
those  which  revolve  within  the  earth's  orbit  are  called  inferior 
planets^  and  those  which  revolve  without  it  are  called  superior 
planets.  Thus  Mercury  and  Venus  are  inferior  planets,  and 
Mars,  Jupiter,  Saturn,  Uranus,  and  Neptune,  together  with 
the  Asteroids,  are  superior  planets.     (See  Fig.  3.) 


APPARENT    MOTIONS    AND    APPEARANCES    OF   THE    PLANETS 
EXPLAINED. 

45.  Viewed  from  the  sun,  as  the  great  centre  of  the  solar 
system,  the  planets  would  appear  to  move  round  him  in  regu- 
lar order  and  progression.  But  the  case  is  very  different 
when  we  view  their  motions  from  the  earth,  which  also  moves 
round  the  sun ;  at  one  time  they  appear  to  have  b,  progressive 
or  direct  motion,  that  is,  from  'west  to  east ;  then  they  ap- 
pear stationary^  or  without  any  apparent  motion ;  and  at  other 
times  they  appear  to  have  a  retrograde  motion,  that  is,  from 
east  to  west  They  are  sometimes  in  conjunction  with  the 
sun.  and  then  they  are  generally  lost  in  his  superior  light ; 
and  some  of  them  (the  superior  planets)  appear  in  opposition 
to  the  sun,  that  is^  in  the  opposite  point  of  the  heavens. 
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In  order  to  form  a  familiar  idea  of  these  motions,  oonceiTe  yoarBelf 
placed  in  the  centre  of  a  horse  ring ;  the  horse,  as  he  mores  roond  you, 
mil  appear  to  move  in  a  rep^ular  and  progressiTe  manner :  now,  oonceiye 
yonrself  to  be  placed  without  the  ring ;  then  the  motion  of  the  hone  ap- 
pears no  longer  regular :  at  one  time  he  appears  to  move  say  from  right 
to  left,  then' for  a  moment  he  appears  as  if  he  were  stationary,  and  after- 
wards he  appears  to  move  ftom  left  to  right,  and  in  two  points  of  his 
path  he  appears  in  coi^junction,  or,  as  it  were,  in  the  same  place'with 
the  man  in  the  centre  of  the  ring.  These  apparent  motions  of  the  horse 
gire  a  true  representation  of  the  apparent  motions  of  the  two  inferior 
planets.  Mercury  and  Venus. 

46.  Opposition  and  conjunction  of  the  planets,  —  That 
Mercury  and  Venus  are  inferior  planets  is  proved  by  their 
crossing  the  sun's  disk  like  a  black  spot,  thereby  showing  that 
they  must  revolve  between  us  and  the  sun ;  whereas  Mars 
and  the  other  superior  planets  never  do  so.  Moreover,  Mer- 
cury and  Venus  never  appear  in  opposition ;  whereas  Mars 
and  the  other  superior  planets  appear  in  opposition  as  well  as 
in  conjunction. 

In  Fig.  20  let  8  represent  the  sun ;  E  the  earth ;  Y  an  inferior  planet ; 
and  M  a  superior  one.    At  m  and  v  both  planets  appear  in  conjunctioQ 


M 

Fiff,  20.    Conjunction  and  Oppootion* 

to  a  spectator  on  the  earth,  but  at  H  and  Y  the  superior  planet  M  ia  in 
oppositiaoy  while  the  inftrior  planet  Y  is  in  oosyunction ;  and  at  this 
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poatiaii  it  will  BometiiiieB  i^ipeBr  like  a  black  i^ot  crotBing  the  Biin's 
didL :  UuB  is  oallod  the  imuit  of  Veoiu,  or  Mercury,  as  the  case  may 
be :  thus,  while  the  superior  phmets  never  cross  the  sun's  disk*  the  iii£^- 
rior  ones  never  appear  in  opposition. 

47.  Apparmd  moiitmi  of  Vemu,  —  We  shall  now  illustrate  the  cause 
of  the  apparent  motioos  and  phases  of  the  planetB  by  a  refexence  to  the 
planet  Venus. 


Fiff.  21.    Apparent  Motions  of  Venus. 

In  Fig.  21,  let  S  represent  the  sun ;  E  the  earth ;  abed  tfg  h  the 
different  positions  of  Venns  in  her  orbit;  £  a  6  and  £  ^/tangent  lines 
drawn  torn  the  earth  to  the  orbit  of  Venus.  From  a  to  &,  the  planet 
Venus  appears  staiionay,  that  is,  for  a  time  she  neither  appears  to 
move  towards  the  west  nor  towards  the  east ;  in  this  position  she  has 
attained  her  greatest  westerly  distance,  or  elongation^  from  the  sun. 
From  6  to  y  her  motion  is  direct^  that  is,  she  appears  to  move  amongst 
the  stars  fiom  west  to  east.  From/to^she  is  again  ttatumary ;  and 
from  ^  to  a  her  motion  is  retrograde^  that  is,  she  appears  to  move  from 
east  to  west.  At  A,  in  a  line  with  the  earth  and  sun,  a  transit  takes 
place.  Thus,  in  making  an  apparent  revolution  from  a  round  the  sun, 
&hc  U  Jirr^t  station^',  then  f.he  Iibs  a  difrict  m^tiOT  ^tmiifyi  and* 

finallyi  sbr  ha^i  n  rctrugmdo  motion. 

4fi.    Phases  a/  TViiihi.  —  Bt^wccn  h  and  a,  {{  Vt» 

cnt^  hcnuspbere  Bppe^f;  to  U£  like  a  Aorwied  n. 
tents  tbe  appoar«niC€  of  ii  Aaff  moan  y  at  tt  gihbn 
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and  80  on.    It  is  plain  that  if  Venus  had  shone  with  her  own  light,  she 
would  always  have  appeared  perfectly  round  to  us. 

49.  Morning  and  evening  star.  —  When  Venus  appears  to  the  west 
of  the  sun,  that  is,  from  ef  to  A,  (see  Fig.  21,)  she  is  the  evening  star, 
for  then  she  shines  in  the  western  sky  at  sunset ;  and  on  the  contrary, 
when  she  appears  to  the  east  of  the  sun,  that  is,  from  h  to  d,  she  shines 
in  the  eastern  sky  before  sunrise. 


COMPARATIVE    SIZE   AND  APPEARANCE   OP   THE   PLANETS. 

50.  The  following  diagram  exhibits  the  comparative  size  and  appear- 
ance of  the  principal  planets  in  the  solar  system. 


Fig,  22. 

Jupiter  is  the  largest  of  all  the  planets;  his  diameter  is  about  11 
times  the  diameter  of  the  earth ;  Saturn,  Neptune,  and  Uranus  are  next 
in  order  of  magnitude ;  the  Earth  and  Venus  are  about  the  same  size ; 
the  diameter  of  Mars  is  only  about  one  half  the  diameter  of  the  earth ; 
and  Mercury  is  about  one  third  smaller  than  Mars.  The  Asteroids 
(which  could  not  be  shown  in  this  diagram)  are  very  small  bodies,  the 
largest  of  them  not  being  more  than  250  miles  in  diameter.'  The  diam- 
eter of  the  sun  is  about  110  times  the  diameter  of  the  earth,  and  his 
entire  mass  is  vastly  greater  than  that  of  all  the  planets  put  together. 
Constructed  on  the  scale  of  the  accompanying  diagram,  he  wotdd  have 
been  represented  by  a  globe  of  about  a  foot  in  diameter. 
33 
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TABULAB  VIEW  OP  THE    SOLAR  SYSTEM. 
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51.  The  Sun  is  nearlj  a  million  and  a  Half  times  the  balk 
of  our  earth,  is  the  great  sonrce  of  ii^t  and  heat  to  all  the 
planets,  and  by  the  attraction  'which  he  exerts  retains  them  m 
iheir  orbits.  The  telescope  shows  that  there  are  dark  spots 
upon  his  surface,  and  ly  observing  them,  aeti^moraers  have 
ascertained  that  lie  revohres  on  his  axis  every  25  days,  in  the 
same  direction  as  the  planets  more  round  him,  4iat  is,  Atun 
west  to  east. 

.  52.  The  planet  Mercurt  moves  round  the  sun  in  about  88 
days,  at  the  distance  of  about  37,000,000  of  miles,  and  re- 
volves on  his  axis  in  24  hours  5  minutes.  The  length  of  his 
day  will,  therefore,  be  rather  more  than  ours,  and  the  duration 
of  his  year  about  one  fourth  of  our  year.  The  apparent  mo- 
tions of  Mercury  are  similar  to  those  of  Venus. 

53.  Venus.  Of  all  the  stars,  this  is  the  brightest  and  most 
beautiful.  Her  distance  from  the  sun  is  about  three  fourths 
of  the  earth's  distance,  and  she  receives  nearly  double  the  light 
and  heat  from  the  sun.  She  completes  her  revolution  round 
the  sun  in  about  225  days,  and  performs  a  rotation  in  23  hooxs 
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21  miaates,  on  an  axk  inclined  to  tbe  plme  of  her  orbit  at  an 
angle  of  15^.  The  length  <^  h^r  day  is  nearly  the  same  as 
oon,  and  the  inclination  of  her  axis  shows  that  she  has  sim- 
ilar seasons.  She  is  Barnmnded  by  a  large  atmosphere,  and 
from  the  irregalarities  observed  <m  the  edge  of  her  crescent, 
it  has  been  inferred  that  she  has  enormoos  momitains  upon 
her  Burfeuse,  probably  modi  larger  than  any  on  our  earth. 

54  Maks  is  a  small  planet  about  1  j>  times  the  earth's  dis- 
tance from  the  sun ;  he  takes  about  two  of  our  years  inre- 
Tolving  round  the  sun ;  and  the  length  4>f  his  days  is  about 
liie^ame  as  enrs.  The  inclination  of  his  axis  to  the  plane  of 
his  orbit  shows  that  he  has  seasons  similar  to  those  which  take 
place  on  the  earth.  He  is  surrounded  by  an  atmosphere,  and 
the  outline  of  c^kmdnents  and  seas  may  be  distinctly  traced  by 
means  of  a  telescope.  The  red,  fiery  color  of  his  light  is  sup- 
posed to  be  produced  by  the  ochrey  tinge  of  his  s(h1,  like  that 
which  red  sandstone  might  produce.  Bright  white  spots  are 
seen  about  the  poles,  which  are  no  doubt  occasioned  by  the 
reflection  of  the  sun's  light  from  the  polar  snows  and  ice  upon 
the  planet ;  for  it  is  observed  tlftt  as  each  pole  is  turned  towards 
the  sun,  the  bright  spots  about  it  become  less,  owing  to  the 
melting  of  the  snow  by  the  son's  heat. 

55.  The  AfirrxBOtDB  are  a  series  of  very  small  bodies,  so 
caUed  beeause  thej|liave  mare  resemblance  to  fixed  stars  than 
-to  planets.  *  Thei^mmber,  as  far  as  at  present  ascertained,  is 
Ibir^-^fbur.  TWy  revolve  around  the  sun  in  varying  orbits, 
^^xtending  throu^  a  sone  of  about  100,000,000  of  miles  in 
width.  These  orbits  are  variously  inclined  to  die  plane  of  the 
eeliptk,  and  ave  between  those  df  Mars  and  Jupiter.  These 
4iodiM  aiis  muafa  smaller  than  the  phmets,  the  smallest  being 
i&tm  than  lOO^md  :&e  3a!i^«st  not  more  than  400  miles  in  di- 
ameter. Their  distance  from  the  sun  vju4es  from  200,000,000 
to  300,000,000  of  miles,  and  they  perform  their  revolutions 
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rotind  it  in  periods  of  from  3  to  5^  years.  Tfaej  have  all  been 
discovered  during  the  present  centaiy,  and  all,  except  five, 
within  the  past  10  or  12  years.  The  following- are  their 
names  and  the  year  of  their  discovery  :-^ 

Ceres,  1801 ;  PaUas,  1802;  Juno,  1804;  Vesta,  1807;  As- 
trea,  1845 ;  Hebe,  Iris,  and  Flora,  1847 ;  Metis,  1848 ;  Hygeia, 
1849 ;  Parthenope,  Clio,  and  £geria,  1850 ;  Irene  and  £o- 
nomla,  1851 ;  Psyche,  Thetis,  Melpomene,  Fortuna,  AffliMiliy^ 
Lutetia,  Calliope,  and  Thalia,  1852 ;  Themis,  Phocea,  Pro- 
serpina, and  Euterpe,  1853 ;  Bellona,  Amphitrite,  Urania,  £a- 
phrosyne,  Pomona,  and  Polymnia,  1854 ;  Circe,  Lencolheay 
Fides,  and  Atalanta,  1855 ;  Leda,  Laetitia,  Harmonia,  Daphne, 
and  Isis,  1856 ;  Ariadne  and  another,  as  yet  unnamed,  1857. 

56.  JuPiTEB.  This  is  the  largest  of  the  planets.  He  takes 
about  twelve  years  to  complete  his  revolution  round  the  sun, 
and  turns  upon  his  axis  in  about  ten  hours.  This  rapid  rota* 
tion  has  caused  him  to  be  much  flattened  at  the  poles. 

The  disk  of  Jupiter  is  always  found  to  be  crossed  with 
dark  parallel  bands  or  belts  with  spots,  as  shown  in  Fig.  22. 
Although  these  belts  vary  bMi  in  breadtli  and  situation,  yet 
they  always  run  parallel  to  the  equator  of  the  planet ;  this 
appearance  of  the  planet  is  supposed  to  depend  upon  its  at- 
mosphere. 

This  magnificent  planet  has  four  moons,  which  constantly 
revolve  about  him  from  west  to  east,  a^  accompany  him  in 
his  path  round  the  sun.  Thus  the  satelfflis  of  Jupiter  consti- 
tute a  miniature  system,  to  which  their  primary  is  the  centre, 
in  all  respects  similar  to  the  solar  system,  d£  which  theur  cen- 
tral body  itself  is  only  a  member. 

Three  of  Jupiter*s  satellites  are  totally  eclipsed  at  ereiy 
revolution,  by  the  great  shadow  which  he  casta  from  the  sun. 
These  eclipses  are  of  great  use  in  finding  the  longitude  cf 
places  upon  the  earth. 


▲8TliOHOVT» 

57.  VJoeUs  of  Light.  —  The  eclipses  of  Jupiter's  saiemtes 
have  enabled  astronomers  to  determine  the  yelocitj  of  light. 
When  Jupiter  is  in  opposition  we  are  much  nearer  to  him  than 
when  he  is  in  conjunction ;  owing  to  this  difference  of  distance 
we  see  the  eclipses  of  his  satellites  16^  minutes  sooner  in  the 
one  position  than  we  do  in  the  other* 

Let  S  represent  the  sun,  (see  Fig.  23 ;)  J  Jupiter ;  M  the  satellite 
edipaed  by  the  great  conical  shadow  of  the  planet;  £  the  poaitioa  of  the 


^ 


Fig.  23.    Eclipse  of  Jupiter's  Satellites. 


earth  when  Jupiter  is  in  ornearly  in  oppositum;  andethepositiQaofthe 
earth  when  he  is  iu  conjunction ;  then  the  distance  between  £  « ia  equal 
to,  or  nearly  equal  to,  the  diameter  of  the  earth's  osbit.  Now,  the 
eclipse  seen  from  £  takes  place  8^  minutes  before  the  calculated  time, 
whereas  when  it  is  seen  frcnn  e  it  takes  place  8^  minutes  later  than  the 
calculated  or  true  time;  consequently  the  light  ti^Les  ISi  minutes  to 
travel  from  £  to  e;  that  is,  Ughi  tak$9  16j|  mtmi«M  m  iravening  th^ 
diameter  ef  the  earth* e  orbit, 

58.  Saturn.  Saturn's  year  is  29  J-  times  the  length  of  our 
year,  and  the  length  of  his  day  is  about  10^  hours.  His  dis- 
tance from  the  sun  is  about  9  j-  times  that  of  the  earth.  The 
diameter  at  his  equator  is  about  -^  greater  than  the  diameter 
at  his  poles.  Like  the  earth,  his  axis  is  inclined  to  the  plane 
of  his  orbit,  and  therefore  he  must  have  seasons.  Saturn  has 
eight  satellites,  seven  of  which  had  been  known  for  sixty  years 
before  the  eighth  satellite  was  discovered.  He  is  distinguished 
by  having  a  thin  broad  ring  surrounding  his  equator,  as  shown 
in  Fig.  22.  This  ring  is  concluded  to  be  opaque,  because  it 
casts  a  shadow  on  the  surface  of  the  planet ;  it  is  separated  by 
different  intervals,  so  that  it  is  really  a  series  of  rings  concen- 
tric with  the  planet ;  its  whole  breadth  is  27,000  miles,  and 
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its  thidmess  does  not  exceed  100  miki.  The  Bpooe  betweea 
the  inner  side  of  the  ring  and  the  plaaet  is  19^000  nuks.  The 
different  part^  of  the  ring  reYohre  roond  Sainra  in  periods 
depen&ig  on  their  reflective  dtatances  firatt  him ;  tha  outov 
most  ring  revolTes  in  about  10^  houn.  Satamhasdaii^  heks, 
like  Jupiter,  but  rather  broader  and  less  stnmg^y  mariud; 
the  cause  of  these  belts  is  no  doubt  atmospheric,  as  in  the  case 
of  the  bdts  of  Jopiier. 

59.  Uranus.  This  planet  completes  his  revolution  round 
the  sun  in  rather  more  than  eigbtj-four  years ;  his  mean  dis- 
tance i^rom  the  sun  is  about  nineteen  times  tha4;  of  the  earth. 
The  discoverer  of  Uranus,  Sir  W.  Herschel,  believed  that 
this  planet  had  six  moons ;  but  only  four  have  been  observed 
by  other  astronomers.  The  motion  of  these  satellites  round 
their  primary  is  from  ea^t  to  west,  which  is  an  exception  to 
the  law  obscOTed  by  the  Bafeellit^ea  of  Jupiter^  Satimiy  and  the 
Earth. 

GO.  Neptune.  Neptune,  the  most  remote  planet  at  pres- 
ent known  in  tha  solar  system^  completes  his  revolution  round 
the  sun  in  about  16&  years»  at  about  thirty  times  the  distance 
of  the  earth  from  the  sun.  One  satellite  has  already  been 
observed,  revolving  round  the  planet  at  the  distance  of  about 
twelve  of  its  radii.  This  planet  was  discovered  in  1846^  and 
its  existence  was  determined  by  calculations,  based  upon  the 
law  of  gravitation,  before  it  bad  been  recognized  as  a  plan- 
etary body  by  observation.  This  may  be  regarded  as  one  of 
the  greatest  achievements  of  mathematical  science. 

COMTS. 

61.  Upwards  of  ISO  comets  have  been  observed  at  different 
times,  but  only  three  have  been  identified  as  having  been  seen 
before;  The  comet  which  was  seen  in  1835,  called  Halley*s 
comet,  revolves  round  the  sun  in  about  seventy-six  years. 
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Xheir  orbits  are  ellipses  or  ovals,  so  very  flat  or  eccentric^ 
that  the  comets  are  invisible  to  us  for  the  greater  part  of  their 
revolutions  round  the  sun. 

Comets  are  not  solid  like  the  planets ;  they  merely  consist 
of  a  mass  of  vapor,  the  central  portion  of  which  is  called  the 
nucleusy  or  head,  being  more  dense  than  the  rest  Sometimes 
this  vapor  extends  to  a  great  distance  in  the  fonn  of  a  totV, 
which  is  always  in  a  direction  contrary  to  the  sun.  ' 

THE   PLANETS   MOVE  IN   ELLIPSES. 

62.  The  trne  path  of  the  planets  round  the  sun  are  ellipses  or  ovals, 
differing  in  general  but  little  from  circles,  of  which  the  sun  occupies  what 
is  called  the  focus. 

Thus,  in  Fig.  24,  £  represents  the  earth ;  E  D  A  its  elliptical  orbit 
round  the  sun ;  S  the  sun  in  the  focus  of  the  ellipse. 


Fiff.  24.     Elliptical  Orbit. 

Kepler  discovered  the  elliptical  motion  of  the  planets,  with  other  im- 
portant facts,  by  observation,  and  Newton  showed,  by  mathematical  anal- 
ysis, that  this  peculiar  form  of  their  orbits  depends  upon  a  certain  law  of 
the  attractive  force  residiDg  in  the  sun,  called  the  law  of  gravitation. 

When  the  earth  is  nearest  the  sun,  as  at  />,  it  is  said  to  be 
in  its  perihelion  ;  and  when  the  earth  is  farthest  fram  the  sun, 
as  at  a,  it  is  said  to  be  in  its  aphelion.  The  motion  of  the 
earth  in  its  orbit  is  quickest  when  it  is  nearest  the  sun,  or  in 
its  perihelion,  and  slowest  when  it  is  farthest  from  the  sun,  or 
in  its  aphelion.  Hence  it  is  that  the  time  between  our  vernal 
and  autumnal  equinoxes  is  about  eight  days  longer  than  the 
time  between  our  autumnal  and  vernal  equinoxes;  thereby 
causing  the  summer  in  the  northern  hemisphere  to  be  a  little 
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longer  than  the  winter.  The  earth  is  aboat  three  millioDS  of 
miles  nearer  to  the  sun  in  winter  than  it  is  in  sammer.  If 
this  be  the  case,  it  may  be  asked^  Why  is  our  summer  so  much 
M*armer  than  our  winter?  If  we  arc  nearer  to  the  sun  in 
winter  than  we  are  in  summer,  why  should  it  not  be  warmer 
in  winter,  rather  than  colder?  It  is  quite  true  that  tbia 
would  be  the  case,  were  it  not  for  other  causes,  which  far  more 
than  counterbalance  the  very  small  deficiency  of  temperature 
arising  from  this  diiference  of  distance  from  the  sun.  These 
causes  have  been  briefly  and  incidentally  explained  in  Art.  30, 
but  it  may  be  instructive  to  bring  them  here  before  the  stu- 
dent in  a  distinct  form. 

Heat  of  Summer, 

The  days  in  our  summer  months  being  very  much  longer 
than  they  are  in  our  winter  months,  we  must  manifestly  re- 
ceive much  more  heat  from  the  sun  during  the  former  period 
than  we  do  during  the  latter. 

In  our  summer  the  sun  rises  to  a  much  greater  height  above 
the  horizon  than  he  does  during  our  winter,  and  consequently 
he  not  only  continues  longer  above  the  horizon,  but  his  rays, 
coming  more  perpendicularly,  strike  in  greater  numbers  upon 
any  given  portion  of  the  earth's  surface. 

Let  A  B  represent  a  portion  of  the  earth's  surface,  upon  which  the  xayt 
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of  the  finii  A  B  G  E,  ftll  perpendiciilarlT^;  and  let  A  C  be  an  equal  por- 
tian  of  the  earth's  anrfiuse,  upon  -which  the  rays  of  the  sun,  A  C  F  E,  £aU 
obliquely,  or  in  a  slanting  direction.  Now,  although  the  surfaces  A  B 
and  A  C  are  equal,  yet  it  is  plain  that  a  much  greater  number  of  rays 
must  fall  on  A  B  than  upon  A  C :  the  rays  of  light  and  heat  falling 
upon  A  B  are  included  by  the  space  A  B  G  £,  whereas  those  which  £dl 
on  A  C  are  included  by  the  space  A  D  F  £ :  in  &ct  the  heat  which 
&11b  upon  the  small  portion  A  D  is  spread  out  over  A  C. 


OBAVITATION. 

63.  When  a  body  moves  in  a  curved  line,  sach  as  the  path 
of  the  earth  round  the  son,  it  must  be  under  the  action  of  two 
forces,  one  an  impulsive  force,  or  force  of  projection,  the  other 
a  constantly  acting  force,  such  as  the  attraction  of  gravitation. 

We  have  a  familiar  instance  of  this  when  a  stone  is  projected  oblique- 
ly upwards  from  the  top  of  a  high  tower ;  the  stone  moves  in  a  curve, 
odled  a  parabola,  in  consequence  of  the  motion  of  prqjection  and  the  at- 
traction of  the  earth.  Now,  as  we  increase  the  force  of  projection,  the 
stone  will  be  longer  before  it  reaches  the  earth's  surface ;  indeed,  it  is  not 
difficult  to  conceive  the  force  of  prqjection  to  become  so  great  that  the 
stone  shall  not  return  to  the  earth's  surface  at  all,  but  shall  move  round 
the  earth  like  a  little  sateUite  sunilar  to  the  moon. 

The  earth  and  all  the  other  planets  had  at  first  a  motion  of  prqjection 
given  to  them ;  and  this  motion  would  have  canied  them  away  into  in- 
finite space,  had  it  not  been  for  the  sun's  attraction.  If  the  attractive 
force  of  the  sun  were  to  cease,  the  eart^  at  £  (see  Fig.  24)  would  fly  off 
from  its  orbit  in  the  tangent  line  E  K  ;  and  on  the  contrary,  if  the  motion 
of  prqjection  were  stopped,  the  earth  would  be  drawn  in  towards  the 
son  ;  but  the  two  forces  of  prqjection  and  gravitation  are  so  nicely  ad- 
justed, that  the  earth  continually  moves  round  its  great  centre  of  attrac- 
tion, in  an  elliptical  orbit,  constantly  returning  at  every  revolutian  (at 
least  virtually)  to  the  point  from  which  it  started.  This  law  of  gravita- 
tion,* which  holds  true  with  respect  to  the  sun  and  the  planets,  also 
holds  true  with  respect  to  the  motion  of  the  satellites  round  their  respec- 
tive primaries. 

*  According  to  the  law  of  gravitation,  (1.)  All  bodies  attract  one  an- 
other with  forces  proportional  to  the  masses  of  matter  which  they  contain ; 
(2.)  The  force  of  attraction  decreases  as  the  squares  of  the  distances 
increase. 
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ATMOSPHERIC  BEFRACTIUNI 

64.  The  atmoephere  winch  snrroniids  ^e  earth  is  of  Tarm- 
Ue  density ;  that  i8»  the  higher  we  ascend  the  rarer  it  becomes. 
It  maj  therefore  be  considered  as  consisting  of  a  series  of  strata 
or  layers  K6IM,GDFI,DACF,acc^(8ee  Fig.  26,) 
of  decreasing  density.  Now,  air,  as  well  as  all  transparent 
substances,  possesses  the  power  of  refracting  the  rays  of  lig^t, 
or  bending  them  out  of  their  straight  course ;  thus  the  rays  of 
light  proceeding  from  a  star,  or  any  hearenly  body,  become 
bent  more  and  more  downwards  as  they  pass  throng  the  at- 
mospbere,  and  the  star  is  seen,  not  in  the  direction  in  whidi  it 
actually  lies,  but  in  the  direction  which  these  rays  have  at  the 
ins^t  of  arriving  at  the  eye  of  an  observer :  the  effect  of  this 
is,  to  cause  the  star  to  appear  higher  in  the  heavens  than  it 
really  is. 

In  Pig.  26,  let  S  represent  a  star  beyond  the  liteits  of  the  atmoiphen 
KACM;SBmthe  straight  ooone  of  a  ray  of  Hgfat  proeoeding  from 


J^.  26.    Refraction. 

the  star.  In  paasing  through  the  layer  of  atmosphere  A  C  F  D,  the  ray 
8  B  is  bent  down  into  the  direction  B  E ;  now,  if  the  next  layer  D  FI O 
were  of  the  same  density  as  A  C  P  t),  the  ray  B  E  would  proceed  in  the 
straight  line  B  E  n ;  but  as  the  former  is  denser  than  the  latter,  the  ray 
is  bent  down  into  the  direction  E  H ;  and  so  on  through  every  sucoessiTe 
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Ujer,  until  the  ray  oomes  to  the  eye  of  the  observer.  As  the  ray  of  light 
proceeds  downwards,  the  strata  of  air  become  more  and  more  dense,  which 
causes  the  ray  to  become  more  and  more  bent  in  its  passage ;  hence  it  is 
that  the  course  of  the  refracted  ray  through  the  atmosphere  is  that  of  a 
curve,  which  becomes  more  and  more  concave  as  it  approaches  the  earth, 
«•  shown  in  Tig,  27 ;  where  M  is  the  Inminous  otgect ;  M  a  the  straight 


jPt^.  27.    Atmospheric  Refractian. 

direction  of  the  rays  of  light,  which,  meeting  the  atmosphere  at  a,  are  by 
refraction  bent  into  the  curve  a  A;  A  m  is  the  direction  which  the  re- 
fracted ray  has  when  it  arrives  at  the  eye  of  the  observer  at  A ;  and  A  m 
is  the  direction  in  which  the  star  will  be  seen :  thus  the  refraction  of 
the  atmosphere  causes  us  to  see  the  heavenly  bodies  apparently  higher 
above  the  horizon  than  they  are  in  reality.  The  body  M  may  actually 
be  beneath  the  horizon,  and  yet  be  visible  to  a  person  at  A. 

The  atmospheric  refraction  elevates  the  apparent  position 
of  the  heavenly  bodies  most  when  they  areoiear  the  horizon ; 
and  at  the  zenith  it  does  not  affect  their  position  at  all. 

OVAL  FORM  OF  THE  SUN  AND  MOON  NEAR  THE  HORIZON. 

65.  This  remarkable  appearance  is  occasioned  by  atmos- 
pheric refraction.  The  upper  half  of  the  sun  or  moon's  disk, 
as  the  case  maj  be,  being  less  raised  bj  refraction  than  the 
lower  half,  causes  the  vertical  diameter  of  the  disk  to  be  les- 
sened, while  the  horizontal  diameter  remains  unchanged; 
hence  the  disk  appears  of  an  oval  shape. 


TWILIGHT. 

66.  Twilight  is  that  light  which  we  enjoj  for  about  an  hour 
and  a  half  before  the  sun  has  anneared  above  the  horizon,  and 
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for  about  the  same  time  after  he  has  set.  This  beantifbl  law 
of  nature  is  caused  by  the  reflection  of  the  sun's  light  from  the 
higher  regions  of  the  atmosphere.  Some  time  before  we  have 
any  direct  transmission  of  light  from  the  sun,  his  beams  ilia- 
zninate  the  higher  portions  of  the  atmosphere,  and  then  this 
illuminated  portion  transmits  light  to  us. 

In  Fig.  28,  let  G  A  £  represent  the  earth  ;  G  E  C  D  £  a  portion  of 
its  atmospheiie ;  A  the  place  of  an  observer ;  A  R  his  hcaizon ;  and  8 
the  sun  considerably  below  the  harigon,  and  of  couise  invisiMe  to  a  pgson 


jP»^.  28.    Cause  of  Twilight. 

at  A.  Now,  that  portion  of  the  atmosphere  represented  by  C  B  £  D  will 
be  illuminated  by  the  sun,  while  A  C  K  G  will  be  in  comparatiye  darii- 
ness ;  and  the  iUmniiated  portion  C  B  D  will  be  visible  to  a  person  at  A, 
and  the  light  proceeding  &om  it  will  occasion  his  twilight.  The  duratioa 
of  tixilight  varies  with  the  latitude  and  the  season  of  the  year.  At  the 
equator  the  duration  of  twilight  is  always  short,  whereas  at  the  poles  it 
lasts  for  upwards  of  four  months.  Twilight  begins  in  the  morning, 
and  ends  in  the  evening,  when  the  sun  is  about  eighteen  degrees  be- 
low the  horizon. 

THE  TIDES. 

67.  The  alternate  flowing  and  ebbing  of  the  sea  is  called 
the  tides.  They  are  produced  by  the  attraction  of  the  sua 
and  the  moon  upon  the  waters  of  the  ocean,  but  chiefly  by 
the  attraction  of  the  moon  ;  for  as  she  is  much  nearer  to  the 
earth  than  the  sun,  her  attractive  force  upon  the  waters  is 
considerably  greater  than  that  of  the  sun's. 

For  a  little  more  than  six  hours,  the  sea,  in  certain  plaoesy  * 
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graduallj  swells  and  then  flows  into  harbors  and  the  montihs 
of  rivers ;  this  is  called  flood  tide.  At  the  end  of  this  time 
the  ocean  has  attained-  its  greatest  height ;  this  is  called  high 
water.  The  waters  then  begin  to  ebb  or  fall,  which  thej  con- 
tinue to  do  for  a  little  more  than  six  hours,  until  they  arrive 
at  their  lowest  level ;  this  is  called  low  water.  Thus  the  wa- 
ters of  the  ocean,  daj  after  day,  alternately  swell  and  fall  in  a 
little  more  than  six  hours ;  so  that  high  water  takes  place 
twice  in  every  24  hours  50  minutes,  this  being  the  time  which 
the  moon  takes  in  passing  from  the  meridian  of  a  place,  to 
returning  to  the  same  meridian  again.  If  the  moon  were 
stationary,  the  interval  between  high  water  of  one  day  and 
high  water  the  next  would  be  exactly  24  hours ;  for  the  same 
part  of  the  earth  would  return  to  the  moon's  meridian  in  this 
time ;  but  while  the  earth  is  performing  a  revolution  on  its 
axis,  the  moon  advances  about  13^  in  her  orbit,  so  that  it  takes 
the  earth  about  50  minutes  more  to  bring  the  same  place  op- 
posite to,  or  on  the  same  meridian  with,  the  moon. 

68.  In  explaining  the  cause  of  the  tides,  we  shall  first 
speak  of  the  moon's  attraction  alone.  If  the  earth  were  an 
exact  sphere  covered  with  water,  and  if  there  were  no  exter- 
nal attraction  exerted  upon  it,  the  water  would  arrange  itself 
uniformly  over  the  surface,  forming  a  coating  like  the  rind  of 
an  orange ;  but  when  the  earth  is  brought  under  the  influence 
of  an  attractive  body,  like  the  moon,  this  uniformity  in  the 
distribution  of  the  water  no  longer  subsists. 

In  Fig.  29,  let  E  represent  the  earth  sumranded  by  water ;  M  the 
moon ;  and  S  the  sun ;  then,  since  the  moon's  attractian  is  greatest  upon 
the  objects  which  lie  nearest  to  her,  the  water  at  a,  directly  below  the 
moon,  win  be  more  attracted  by  her  than  the  water  which  lies  farther 
off;  hence  it  is  phiin  that  the  water  at  a,  beneath  the  moon,  must  be 
drawn,  up,  or,  as  it  were,  heaped  up ;  now,  as  the  earth  revolves  on  its 
axis,  succesdve  parts  of  its  surface  must  pass  under  the  moon,  and  these 
parts  will  have  high  water  in  regular  succession.  But  for  a  similar  rea- 
son there  will  also  be  high  water  at  e  on  the  opposite  side  of  the  earth ; 
for  the  water  at  c  must  be  less  drawn  towards  the  moon  than  the  water 
at  6  or  d;  or  any  parts  between  e  and  6,  or  0  and  if;  h«Doe  it  inUows  that 
34 
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Fig.  29.    Spring  Tide  at  New  Moon. 

the  mtar  nnift  be  belied  up  towwdi «.    At  &  and  d  them  wlU  be  low 
-water. 

It  will  now  be  readily  aeen  why  we  haTe  twice  high  wator  and  twiot 
low  water  in  the  coune  of  erery  24  houxa  60  minutee.* 

69.  We  have  hitherto  regarded  the  attraction  of  the  moon 
atone  aa  the  cause  of  the  tides ;  but  this  is  not  strictly  true, 
for  the  sun's  attraction  very  much  affects  the  magnitude  of 
the  tides. 

The  laiigest  tides  take  place  when  the  moon  is  at  her  change, 
or  at  her  full  moon ;  for  in  both  these  cases  the  attractive 
forces  of  the  sun  and  moon  combine  in  raising  the  waters ; 
these  are  called  ipnng  tides.  On  the  contrary,  the  lowest 
tides  take  place  when  the  moon  is  at  the  beginning  of  her 
seoond  and  fourth  quarters,  that  is  to  say,  when  she  is  half 
moon ;  for  then  the  attractive  forces  of  the  sun  and  moon  act 
so  as  to  diminish  each  other's  effect ;  these  are  called  necp 
tides^ 

Fig.  29  IbpBPeBenta  ih^  tpring  tide  at  new  moon.  "Bat^  the  attractive 
IbRsea  of  the  son  and  moon  obviooaly  ooOperate  in  nusing  the  waten  of 
the  eeean  at  •  and  e« 

•  It  must  be  observed  that  the  tide  is  not  at  its  highest  when  diiecUy  under 
the  moon,  bat  about  two  hours  later;  for  since  the  (uU  effect  of  the  moon's 
attraction  on  the  waters  is  not  instantaneous,  high  water  will  not  talce  place 
until  the  moon  has  passed  the  meridian :  in  the  same  way,  the  hottest  pait 
of  the  day  does  not  t^e  place  tiU  some  time  after  noon;  and  also  the  month 
of  July  is  alwaya  hotter  Hum  the  month  of  June. 
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Pig.  80  representi  fk4  tpr&tfftiehaijuamoan;  wbore  S  reprewnts  the 
saii»  M  the  mooa  at  hei:  fuU*  and  £  the  earth.    Here  the  attractiye 


Fig»  30*    Spring  Tide  at  Full  Moon. 

fincei  of  botk  the  sun  and  the  moon  tend  to  draw  the  -waten  away  from 
b  and  d,  and  to  acciiTnnlate  theoi»  or  heap  them  up,  at  a  and  c.  > 

Fig.  31  represents  the  neap  tidea  at  half  moon;  where  M  represents 
the  moon«  either  at  the  beginning  of  her  second  or  at  the  beginning  of 


/V.81.    Neiqp  Tides. 

her  ftnirth  quarter.  Here  the  attraction  of  the  sun  tends  to  diminish  the 
flow  of  the  waters  at  b  and  d^  and  hence  the  tides  at  these  periods  are 
smaller  than  at  any  other. 

Thus  in  the  course  of  a  lunar  month  we  haye  two  qoing  tides  and 
two  neap  tides. 


THE  FIXED  STARS. 

KUUBER  OF  THE  FIXED   STARS. 

70.  The  number  of  the  fixed  stars  exceeds  all  computation. 
Viewed  throngh  a  powerful  telescope,  the  witk^  wayy  or  galaxy ^ 
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appears  like  great  groups  of  constellations.  Dr.  Heradiel 
counted  600  stars  within  the  view  of  his  telescope  at  one  time ; 
and  in  one  portion  of  the  milky  waj,  he  computed  that  the 
number  of  stars  exceeded  a  quarter  of  a  million.  Bat  if  the 
power  of  our  telescopes  were  still  further  increased^  there 
would  be  no  limit  to  the  number  of  stars  which  we  might 
observe. 

DISTAKCB   OF  THE  FIXED   STABS. 

71.  It  has  been  ascertuned  that  the  nearest  of  the  fixed 
stars  are  at  such  enormous  distances  from  us,  that  it  would 
take  their  light,  travelling  at  the  rate  of  twelve  milliona  of 
miles  in  a  minute,  at  least  six  years  in  reaching  us.  The  tnidi 
of  this  may  be  illustrated  in  the  following  manner :  — 

Look  at  two  trees  at  no  great  distance  fiom  you,  and  obaerre  the  ap- 
parent distance  between  them ;  now  change  your  positioQ,  by  walking 
either  to  the  left  or  to  the  right,  and  observe  that  the  apparent  distance 
between  the  trees  is  decidedly  changed ;  indeed,  you  may  come  to  a 
position  where  the  two  trees  would  appear  as  one,  or,  more  oooectly 
speaking,  in  the  same  straight  line.    Here,  then,  we  conclude  that  when 
objects  are  near  to  us,  their  apparent  distances  fifom  one  another  are  very    • 
much  affected  by  our  change  of  position.    Again,  proceeding  in  the 
same  manner,  look  at  two  objects  more  remote  from  you;  then  you  will 
find  that  your  change  of  position  scarcely  at  all  alters  the  apparent  dis- 
tances of  the  objects.    Here,  then,  we  conclude,  that  when  objects  are 
very  distant  from  us,  their  apparent  distances  fit>m  one  another  are  very 
Uttle  affected  by  our  change  of  position.    Now,  the  earth,  as  it  reyolves 
round  the  sun,  undergoes  a  change  of  position  measured  by  the  diameter 
of  its  orbit,  or  192  millions  of  miles.    The  earth,  therefore,  is  192  mil- 
lions of  miles  nearer  to  certain  fixed  stars  atone  time  than  another;  yet, 
notwithstanding  this  enormous  change  of  position,  there  is  scarcely  any 
difference  observed  in  the  apparent  distances  of  the  stars  from  one  an- 
other.   How  immensely  great,  then,  must  their'distances  be  from  us !  * 

*  Astronomical  instruments  have  been  made  with  such  nicety,  that  a  dif- 
ference may  be  detected  in  the  apparent  distances  of  tvro  objects,  when  their 
distance  from  us  is  100,000  times  the  distance  between  the  two  points  of 
observation.  But  as  only  a  very  minute  difference  can  be  detected  by  our 
best  instruments  in  the  apparent  distances  of  the  stars  when  viewed  from 
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THE   STARS   HAVE   MOTION. 

72.  The  stars  have  a  motion  through  space :  thus,  for  ex- 
ample, a  small  star  in  the  constellation  of  the  Swan  has  been 
found  to  move  annually  over  five  seconds  of  the  arc  of  the 
heavens.  Now,  according  to  Arago,  the  distance  of-  this  star 
from  us  is  not  less  than  400,000  times  the  distance  of  the 
earth  from  the  sun :  in  order,  therefore,  that  this  star  should 
move  over  five  seconds  annually,  it  must  actually  travel  many 
millions  of  miles  in  this  time.  Hence  it  is  only  in  a  relative 
sense  that  we  can  speak  of  the  stars  as  being  fixed ;  abso- 
lutely considered,  there  is  probably  nothing  fixed  in  the  uni- 
verse. 

UITLTIFLB  STABS. —  GRAYITATION  EXTENDS  TO  THE  STARS. 

73.  Certain  stars,  although  they  appear  single  to  the  naked 
eye,  are  found  to  be  double  or  treble  stars  when  viewed 
through  a  good  telescope.  Stars  of  this  kind  are  very  numer- 
ous ;  in  120,000  stars  examined  by  M.  Struve,  one  in  every 
forty  was  found  to  be  a  multiple  star,  that  is,  a  group  of  two, 
three,  or  even  four  stars ;  indeed,  it  seems  probable  that,  were 
our  telescopes  sufficiently  powerful,  we  should  find  all  the 
stars  which  appear  single  to  the  naked  eye  to  be  really 
groups  of  stars. 

74.  In  these  multiple  stars  one  is  always  observed  to  be 
much  more  brilliant  than  the  rest.  This  brilliant  star  in  each 
group  is  frequently  the  central  sun,  round  which  the  others  re- 
volve, in  the  same  manner  as  the  planets  in  our  system  revolve 
round  the  sun.    These  multiple  stars,  therefore,  are  systems  of 

the  opposite^ints  of  the  earth's  orbit,  it  follows  that  the  nearest  stars  must 
be  at  least  100,000  times  192  millions  of  miles  from  us.  Mr.  Henderson  dis- 
covered that  the  star  called  Centauri  is  altered  in  its  apparent  position  by 
only  about  one  second ;  assuming  this  to  be  the  case,  the  distance  of  this 
star  from  us  must  be  about  half  a  million  of  times  the  earth's  distance  from 
the  sun.  This  angular  change  in  position  is  called  the  parallax  of  the  star. 
Not  more  than  ten  stars  have  at  present  been  found  to  have  any  parallax; 
ami  thftt  of  the  star  Centauri  it  the  greatest  which  has  yet  been  observed. 
34» 
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worlds  similar  to  our  solar  system,  thereby  proving  that  the 
law  of  gravitatioiiy  which  animates  and  controls  the  planetazy 
bodies,  exists  throughout  the  remote  regions  of  the  celestial 
spaces.     How  beautiful  it  is  thus  to  mark  the  miitj  of  plaa 
manifested  in  the  constitution  of  the  universe :  the  law  of 
attraction  which  causes  a  stone  to  &11  to  the  ground,  which 
gives  the  lobular  form  to  the  mass  of  Ae  earth,  and  whidi 
guides  the  planets  in  their  motion  round  the  sun, —  that  same 
law  binds  the  stars  to  one  another,  in  each  group  of  multiple 
stars ;  and  it  may  not  be  improbable  that  all  these  worlds  and 
systems  of  worlds  which  people  the  immensity  of  space  are 
but  parts  of  one  grand  integral  system,  which,  under  the  great 
controlling  principle  of  gravitation,  are  linked  to  one  another, 
as  well  as  to  one  vast  central  mass,  fixed  in  the  unfathomed 
depths  of  the  univense. 

**  That  Tery  law  which  moaldi  a  tear, 
And  bids  it  trickle  tnm  its  source^  — 
That  law  preaerves  the  earth  a  sphere. 
And  guides  the  planets  in  their  coune." 


THE  DIVISIONS  OF  TIME.— THE  CALENDAR 

75,  The  motions  of  the  sun  and  moon  have  been  taken  la 
all  ages  as  the  measure  of  time.  The  diurnal  motion  of  the 
sun  is  the  measure  of  our  day ;  his  revolution  in  the  ediptio 
gives  the  length  of  our  year ;  and  the  periodic  return  of  new 
moon  is  the  basis  of  our  division  of  time  into  months. 


ASTBONOMICAL  AND   SIDEREAI^   DAY. 

76.  The  astronomical  dxxy  is  24  hours  long;  it  is  the  mean* 
of  the  intervals  between  the  noon  of  one  day  and  the  noon  of 
the  succeeding  one. 

The  period  which  the  earth  takes  to  revolve  on  its  axis  is 
constantly  the  same ;  viz.,  23  hours,  56  minutes,  4  seconds. 
This  is  called  a  sidereal  da^y  for  it  is  the  time  which  any  me« 


ridian  on  the  earth  takea  in  reTolviiig  fix>m  a  fixed  Bt«r  to 
that  star  a^n. 

The  astronomical  day  is  nearly  four  minates  longer  than 
the  sidereal  day.  Thia  ia  caused  by  the  earth's  motion  in  its 
orbit ;  for  while  turning  on  its  axis,  the  eua  is  apparently 
advandng  amongst  the  stars,  and  heaoe  it  rec^uires  the  earth 
to  make  rather  more  than  a  ocnaplete  reyolution  to  bring  the 
same  meridiaa  undw  him. 

E<^UATIQN   op  TIHE. 

77.  Owing  to  certain  causes,*  which  need  not  at  present  be 
explained,  the  sun  does  not  move  uniformly  amongst  the  stars ; 
and  hence  we  find  that  the  interval  between  two  successive 
noons  is  not'  always  the  same.  A  clock,  therefore,  which 
keeps  true  time  will  not  always  correspond  with  the  tioie  as 
indicated  by  the  sun.  Thus,  for  example,  if  it  be  12  o'clock 
to-day  by  a  watch  keeping  true  tsme^  when  the  sun  is  exactly 
at  neon  or  on  the  meridian^  then  it  will  not  be  exactly  12 
o'clo^  by  the  watch  to-morrow  when  the  sun  is  on  the  me- 
ridian ;  die  time  by  the  watch  may  be  a  little  before  or  after 
12  o'clock,  according  to  the  season  of  the  year.  This  difier- 
ence  of  time  between  the  dock  and  the  sun  is  called  the  egua- 
turn  of  time.  Almanacks  contain  th^  amount  of  this  differ- 
enee  for  ev^y  day  of  the  year,  so  that  we  can  always  tell 
how  much  before  or  after  12  o'clock  the  sun  will  be  on  the 

'  meridian  on  any  proposed  day. 

flOLAB  TEAB.  —  JULIAN  CALENDAR. 

78.  Am  the  return  of  the  sun  to  the  same  meridian  marks 
the  length  of  the  day,  so  the  return  of  the  sun  to  the  same 
equinox  givea  the  length  of  the  year. 

*  The  iiregnlarity  of  the  sun's  apparent  motion  arises  from  the  following 
causes :  First,  upon  th^  inclination  of  the  ecliptic,  or  sun's  apparent  path,  to 
the  plane  of  the  equator ;  and  secondly,  upon  the  elliptic  form  of  the  earth's 
orbit,  which  ocoaaion^  the  earth  to  move  quicker  when  in  the  perihelion,  or 
nearest  the  sun,  and  slower  when  in  the  aphelion,  or  farthest  from  the  sun. 


404         HATURAL  AMD  XXPlSnCMTJU.  PHILOSOPHT. 

The  Bolar  year  oontains  865  dajB,  5  hoars,  48  eeoonda,  or 
865  dajTS,  6  hours,  nearly.  But  as  the  common  or  civil  year 
consists  of  only  865  days,  the  solar  year  is  about  a  quarter  of 
a  day  longer  than  the  civil  year ;  and  therefore,  if  this  year 
always  contained  865  days,  there  would  be  an  error  of  a  day 
committed  in  the  course  of  every  four  years.  Now,  in  order 
to  correct  this  error,  Julius  Csssar,  the  great  BcMXian  general, 
enacted  that  every  fourth  year  should  consist  of  866  days ; 
th&B  year  is  called  leap  year,  and  the  additional  day  is  added 
to  the  month  of  February,  which  therefore  consists  of  29  days 
in  leap  year.  This  mode  of  reckoning  is  called  the  Julian 
calendar. 

GREGORIAN   CALENDAR. 

79.  Now,  if  the  solar  year  had  consisted  of  865  days,  6 
hours,  exactly,  no  further  correction  would  have  been  neces- 
sary ;  but  this  is  about  11  minutes  too  much,  and  consequently 
the  Julian  calendar  introduced  an  error  of  44  minutes  every 
4  years,  or  about  a  whole  day  in  130  years.  This  error  in 
the  course  of  centuries  became  considerable.  Thus,  in  the 
year  1577,  the  vernal  equinox  happened  on  the  11th  of 
March  in  the  place  of  the  2l8t.  Pope  Gregory,  in  the  year 
1582,  corrected  the  calendar  in  the  following  manner:  The 
5th  of  October  was  called  the  15th,  to  correct  the  error  which 
had  been  committed  since  the  time  of  Julius  Csesar ;  and  to 
prevent  the  error  happening  again,  it  was  agreed  that  every 
fourth  year  should  be  leap  year,  as  in  the  Julian  calendar, 
excepting  that  every  hundredth  year  for  three  successive  cen- 
turies, should  be  common  years,  and  the  fourth  hundredth 
should  be  a  leap  year.  Thus  1700, 1800,  and  1900,  are  com- 
mon years,  and  2000  is  a  leap  year.  By  this  mode  of  reck- 
oning, the  error  in  4000  years  will  not  exceed  one  day.  This 
is  called  the  Gregorian  calendar. 

The  Julian  calendar  is  called  the  old  style,  and  that  of  the 
Gregorian  tlte  new  style. 

The  Gregorian  calendar  was  at  once  received  by  all  Roman 
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Gatholio  coantries;  but  it  was  not  adopted  in  ibis  country 
until  tbe  jear  1752.  Tbe  Russians,  and  other  members  of 
the  Greek  church,  still  adhere  to  the  old  style,  or  the  Julian 
calendar. 

MODEL  EXERCISES. 

These  questions  are  not  only  intended  to  give  an  anal- 
ysis of  the  matter  going  before,  but  also,  by  a  suggestive 
course  of  reasoning,  to  lead  the  pupil  to  reflect  and  reason 
upon  the  knowledge  which  has  been  communicated  to  him,  and 
even  in  some  cases  to  extend  it. 


THE   STARS. 

Teacher.  What  is  the  point  dixectly  over  oar  heeds  called  ? 

Ptfp»7.  Tbe  zenith. 

r.  What  do  yon  mean  by  the  horizon  ? 

P.  That  line  all  round  us  where  the  sky  and  the  earth  appear  to  xneet 

7.  What  shape  docs  the  horizon  appear  to  have  ? 

P.  It  has  a  circular  Bhape,  and  bounds  our  view  on  all  sides. 

T.  What  point  in  the  heayens  Is  that  which  lies  directly  below  our 
feet? 

P.  It  is  called  the  nadir. 

T.  What  would  our  zenith  be  to  a  person  Uring  on  the  opposite  side 
of  the  earth? 

P.  It  would  be  his  nadir. 

r.  If  I  cut  a  globe  (say  an  orange)  into  two  equal  parts,  what  is 
each  part  called  ? 

P.  Each  part  is  called  a  hemisphere,  or  half  sphere. 

T,  What  do  the  heavens  appear  like? 

P.  A  vast  domei  or  concave  hemisphere. 

T.  Why  do  we  not  see  the  stars  during  the  day  ? 

P.  Because  of  the  superior  Hght  of  the  sun. 

The  teacher  should  continue  to  give  questions  of  this  kind,  taking 
care  to  vary  their  form,  until  the  pupil  is  thoroughly  master  of  the 
subject. 

CARDINAL  POINTS. 

Teacher.  In  what  part  of  the  heavens  does  the  sun  rise? 
.    P^U,  He  rises  in  the  east,  and  sets  in  the  west. 
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T.  At  noQQ  tile  mm  diixiBB  eK»c%  tipon  tbe  front  of  ny  ho 
tell  me  the  directioii  of  the  fiuit  wiffl  of  my  hooae. 
P.  It  must  lie  in  a  B&e  ezteading  from  est  to  weiL 
7.  What  would  be  the  directicm  of  each  gable  in  this  caae? 
P.  Each  gable  waU  would  lie  in  a  line  estending  from  Boath  to  ncsth. 


P^.  32.    The  Cazdiaal  Poinli. 

7.  If  the  line  N  S  lies  north  and  south,  and  E  W  lies  esst  and 
west,  how  do  these  lines  lie  with  respect  to  each  other  ? 

P.  They  lie  at  right  angles  to  each  other ;  that  is,  W  E  is  at  right 
angles  to  K  S ;  or,  in  other  words,  W  E  is  perpendicular  to  N  S. 

T.  Describe  the  cardinal  points  in  a  map. 

P.  The  top  is  north,  the  bottmn  south,  the  right  hand  east,  and  the 
left  hand  west. 

T.  What  win  be  the  direction  of  your  shadow  when  you  go  home 
to-night,  supposing  the  sun  to  be  shining  ? 

P.  It  will  be  cast  towards  the  east 

And  so  on. 


DIURNAL  MOTION  OF  THE  HBATBNS.  —  MAGNITUDE  OF 
THE  8TAK8. 

Teacher,  What  is  meant  by  the  diurnal  motion  of  the  heavens  ? 

Pupil  The  daily  revolution  of  the  heavens  about  the  polar  star. 

T.  In  what  direction  does  this  apparent  motion  take  place  ? 

P.  From  east  to  west.  (Why  ?)  Because  the  stem  appear  to  rise  in 
the  east  and  set  in  the  west. 

T*  What  do  you  mean  by  a  body  having  an  igjparent  motion  } 

P.  When  a  body  appears  to  us  as  if  it  moved,  without  really  doing 
so,  we  may  say  that  its  motion  is  only  apparent. 

7.  How  many  Stan  .may  be  aeenwilSi  the  mdwdejrv? 

P.  About  two  thomiand. 
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r.  What  stars  are  said  to  be  of  the  fixst  magnitnde  } 
P.  The  largest  and  brightest.  ~ 
7.   What  stars  belong  to  the  sixth  magnitude? 
P.  Those  which  are  just  visible  to  the  naked  eye. 
Proceed  toith  the  remainder  in  the  same  manner, 

FIXED    STABS    AND    PLAKETS.  —  CONSTELLATIONS. -— SIGNS 
OF   THE    ZODIAC. 

TBoeher.  What  are  fixed  stars  ? 

Pi9h7.  Those  stars  which  do  not  change  their  distances  from  one 
another. 

T.  What  are  those  stars  called  which  do  not  always  remain  in  the 
lame  place? 

P.  They  are  called  planetB. 

T.  Which  stars  twinkle  most? 

P.  The  fixed  stars. 

T.  What  do  the  planets  look  like  when  Tiewed  thiough  a  good  td- 
escope 


P.   They  look  like  little  luminous  balls. 

T.  What  is  a  constellation  ? 

P.  A  constellation  is  a  group  of  stars. 

T.  What  SB  meant  by  the  two  pointers  in  Charles's  Wain  ? 

P.  Those  two  stajs  in  the  beck  of  the  supposed  wagon,  which  nearly 
point  towards  the  polar  star. 

T.  What  is  a  celestial  globe  ? 

P.  A  celestial  globe  represents  the  appearance  of  the  heareos,  with 
the  difierent  stars  and  constellations  marked  upon  it. 

T.  What  is  the  upper  star  in  the  pointen  called  ? 

P.  It  is  called  Dubhe. 

T.  Through  what  portion  of  the  heavens  do  the  planets  appear  to 
move?' 

P.  Through  a  belt  or  band  of  stars*  containing  12  consteDatiflniy 
called  the  signs  of  the  sodiac 

T.  What  is  the  ecliptic  in  the  heavens  ? 

P.  It  is  the  apparent  aimual  path  of  the  suiu  It  is  marked  oat  by 
the  constellations  of  the  zodiac 

T.  Why  was  the  term  aodiac  given  to  these  crmttellatians  ?  Con  yoa 
name  th(B  Bgna  of  the  aodiac? 
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GENERAL   PBINCIPLES   OF  ASTRONOSIT. 

Teaeh^.  Objects  appear  to  us  to  become  less  and  less  as  thej  are  le- 
moyed  from  us.  Giye  some  familiar  illustration  of  this.  Describe  the 
appearance  of  a  balloon  as  it  ascends. 

Pupil.  As  the  balloon  rises  in  the  air,  it  appears  to  us  to  become  smaller 
and  smaller,  until  at  length  It  gets  so  far  away  from  us  as  to  appear  rerj 
little  larger  than  a  foot  balL 

r.  In  order,  therefore,  to  know  the  real  size  of  a  body,  we  must  not 
only  obserye  its  apparent  siae,  but  we  must  also  know  its  distance  from  us. 
Now,  let  there  be  two  trees  of  the  same  height,  and  suppose  one  of  them, 
to  be  at  double  the  distance  of  the  other ;  what  would  be  their  s^jparent 
magnitude  } 

P,  The  more  distant  tree  would  appear  only  about  half  the  sue  of  the  ^ 
other. 

r.  What  is  the  moon  ? 

P.  A  great  globe,  not  very  much  smaller  than  the  earth. 

r.  Why  does  she  appear  BO  small  to  us  ? 

P.  Because  she  is  many  thousands  of  miles  from  us. 

r.  If  a  balloon  were  10  miles  from  us,  how  would  it  appear  ? 

P.  I  should  say  that  we  could  not  see  it  at  all ;  or,  in  other  words,  it 
would  be  invisible. 

r.  When  a  body  appears  to  move,  this  appearance  may  be  produced 
in  two  ways ;  what  are  they  ? 

P.  First,  the  apparent  motion  may  be  producecl  by  the  body  actually 
moving  in  the  direction  in  which  we  think  it  moves ;  and  secondly,  it 
may  be  produced  by  our  having  a  motion  in  a  direction  contrary  to  that 
in  which  the  body  appears  to  move. 

T.  What  have  you  to  say  relative  to  the  appearance  of  objects  when 
you  are  moving  in.  a  railway  carriage?  The  heavens  appear  to  turn 
round  in  every  24  hours ;  how  may  this  be  explained  ?  What  la  the 
shape  of  the  earth  ?  In  what  time  does  it  turn  upon  its  axis }  What 
does  this  motion  of  the  earth  give  rise  to  ?  * 

T.  Give  me  a  familiar  instance  of  a  body  turning  or  spinning  round 
on  an  axis.  . 

P.  A  spinning  topb 

T.  Where  is  the  axis  in  this  case  ? 

P.  It  is  the  line  round  which  it  appears  to  spin. 

T,  The  earth  moves  round  the  sun  in  the  course  of  a  year ;  how  does 
this  affect  the  appearance  of  the  sun  ? 

P.  It  gives  rise  to  the  apparent  motion  of  the  sun  in  the  ecliptic. 


•  The  pupil  is  supposed  to  answer  these  questions  in 
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T. 'Wlttt  8M  thd  pknds ?  VTbAt  do  ihty  ttwltfe  t<jKmi^  WllAtIs 
the  Bun  to  them  ^  AVhence  do  they  derive  their  H^  tfttd  bett  !  '9Hai 
ii  the  path  of  a  planet  round  the  son  called  ? 


80LAB    SYSTEM. 

TMcKer.  Giye  a  fianiliar  example  ci  one  body  revolTiBg  RNmd 
another* 

PupiL  A  horse  revolying  round  a  man  in  the  cenfze  of  a  zinf  . 
.  T.  Of  what  does  the  solar  system  oonast  ?  In  what  direotkm  do  the 
leading  planets  revolye  round  the  sun  ?  In  what  pUme  do  the  erblta  of 
the  planets  nearly  lie  ?  In  what  direction  do  they  spin  round  on  dieir 
axes  ?  Name  the  planets  in  the  order  of  their  distances  ftom  the  sun. 
What  is  a  satellite  ?  How  many  primary  planets  are  there  at  present 
known  in  the  solar  system  ?  How  many  satellites  are  there  ?  Mention 
the  number  of  satdlites  which  re^ectiyely  revolve  round  the  different 
planets,  &c.         /  ^ 

T.  Iff  I  move  this  orange  round  a  candle^  what  would  this  nidety  xep- 
zesent? 

P.  We  may  consider  the  candle  as  the  son,  and  the  orange  as  a  planet 
moving  round  him  in  its  orbit. 

T.  Now,  while  I  keep  the  orange  moving  round  the  candle^  suppose 
I  move  this  nut  round  the-onmge  in  such  a  manner  that  the  nut  shall 
make  about  12  revolutions  round  the  orange  while  the  orange  makflsooa 
rovolntion  round  the  candle ;  what  would  this  rudely  represent* 

P.  It  would  represent  the  motion  of  the  earth  round  the  sunt  and  at 
the  same  time  the  motion  of  the  moon  round  the  earth. 

T,  What  are  comets  ?  Who  first  taught  eonwt  views  reMift  to  the 
solar  system  ?  Who  was  Pythagoras  ?  Who  revived  the  systsm  tot 
taught  by  Pythagoras } 


THE  EABTH  AND  ITS  MOTK>N. -^  VORX  AIIX>  ISZK  OF 
THE  BABTB. 

Teacher.  Who  tot  sailed  round  the  world  ? 
Pupil.  Ikfagellan. 
T.  Who  first  made  the  attempt  ?  ^ 
P.  Columbus. 

r.  If  the  earth  were  an  unbounded  flat  surface,  what  would  be  the 
eenftquenee  of  a  vesM  eonstaatly  saifing.fiom  any  place  ? 
P.  The  ikrther  the  vessel  Miled,  the  ibthdr  she  trouldgeeih««f  fiotf 
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T.  But  ships  nerer  sail  in  a  direct  line  from  any  place ;  how  then  can 
they  be  said  to  sail  oonstantly  in  the  same  direction  ? 

P.  Ships  may  sometimes  go  to  the  right  or  to  the  left  of  their  direct 
coune,  yet  still  they  pursue  a  certain  general  direction. 

T.  Just  in  the  same  way,  you  might  say,  that  a  little  fly  may  more 
round  Mm  ffhbe,*  though  the  creature  may  go  in  a  zigzag  counr. 
Why  do  we  not  see  the  hull  w^hen  a  ship  has  sailed  some  distance 
from  us? 

P.  Because  the  roimd  pert  of  the  earth's  suzface  comes  between  us 
and  the  hulL 

T,  After  the  hull  of  a  ship  has  disappeared,  what  should  you  do  to 
get  a  sight  of  it  again  ? 

P.  I  should  get  to  the  top  of  some  high  tower  or  hill. 

T.  What  is  the  shape  of  the  earth } 

P.  It  is  the  shape  of  a  ball  or  globe. 

T.  Some  boy,  I  think,  just  said  that  the  earth  is  round.  Now,  the 
upper  part  of  my  hat  is  round;  is  the  earth,  then,  the  ^hape  of 
my  hat? 

P.  Surely  not ;  the  earth  is  round  in  every  direction^  but  your  hat  is 
round  only  in  one  direction. 

r.  What  shape  does  my  hat  now  appear  to  haye  } 

P.  A  sort  of  oblong  shape. 

T,  How  do  you  know  that  the  earth  is  round  in  every  direction  ? 

P.  Because,  wherever  we  may  be,  we  always  find  that  Ae  horizon  has 
a  round  shape ;  which  shows  that  the  earth  must  be  every  where  round 
to  present  this  appearance. 

r.  What  do  you  think  that  seamen  do  when  they  want  to  observe  a 
distant  sail? 

P.  They  cUmb  to  the  topmast 

T.  Why? 

P.  That  they  may  see  a  greater  way  over  the  ocean. 

7.  (Moving  his  finger  round  the  globe.^  What  has  my  finger  moved 
OTer? 

P.  The  circumference  of  that  globe. 

7.  What  is  a  line  going  through  the  globe  called  ? 

P.  The  diameter. 

7.  If  the  line  only  went  to  the  centre,  what  would  it  then  be  called  } 

P.  The  radius. 

7.  What  part  of  the  diameter  is  the  radius? 

•  In  giving  these  lessons,  the  teacher  must  be  provided  wiUi  a  small  white 
globe,  having  a  rod  passing  through  it  to  represent  the  axis  of  the  earth,  and 
hATing  also  all  the  essential  lines  upon  the  terrestrial  globe,  painted  in  strong 
black  lines.  . 


% 
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P.  One  half: 

7.  Now,  in  this  globe,  erery  point  on  the  surface  is  at  the  same  dis- 
tance from  the  centre.  What  have  you,  then,  to  say  respecting  the  radii 
of  a  globe? 

P.  That  they  are  all  equal  to  each  other. 

T,  How  many  times  is  the  drcumferenoe  of  a  globe  greater  than  the 
diameter? 

P.  A  little  more  than  three  times.* 

T,  If  the  length  of  a  line  stretching  from  London  to  York  be  200 
mUes,  how  many  times  must  4his  line  be  repeated  to  go  round  the 
earth? 

P.  About  125  times ;  because  26,000  divided  by  200  gives  125. 

T,  How  long  will  it  take  a  man  to  walk  round  the  earth,  supposing 
that  he  travels  25  miles  every  day  ? 

P.  About  1000  days,  or  nearly  three  years ;  because  the  number  of 
miles  travelled  per  day  a=  25  miles. 


DIUBNAL  MOTION  OP  THE  EARTH.  — LINES  UPON  THE 
GLOBE. 

Teacher.  How  much  of  the  earth's  sor&ce  does  the  sun  enlighten  at 
one  time  ? 

Pti^V.  One  half. 

T.  By  what  means  is  every  part  of  the  earth's  surface  brought  within 
the  light  and  heat  of  the  sun  ? 

P.  The  earth  is  made  to  turn  itnmd  upon  its  axis  in  the  course  of 
every  day. 

T.  (Turning  a  globe  round.)  Now,  where  is  the  axis  in  tlus  revolving 
globe  ?    Is  there  a  real  axis,  or  only  an  imaginary  one  ? 

P.  The  axis  is  only  imaginary,  and  it  is  the  line  about  which  the 
globe  appears  to  turn. 

T.  What  have  you  now  to  say  respecting  the  axis  of  the  earth  ? 

P.  That  it  is  the  line  about  which  the  earth  appears  to  turn. 

T,  What  are  the  poles  upon  the  earth  ? 

P.  The  two  points  where  this  imaginary  axis  meets  the  earth's  surlkoe. 

7.  On  what  point  is  my  finger  now  placed  ? 

P.  On  the  north  pole. 

7.  (Tracing  the  equator  with  his  pointer.)  What  is  this  line  called, 
and  how  is  it  placed  with  respect  to  the  poles  ? 

P.  It  is  called  the  equator,  and  lies  at  the  same  distance  from  either 
of  the  poles. 

*  The  ratio  commonly  given  is  3*1410. 
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T.  How  doei  the  equator  divide  the  gUbe } 

P.  Into  two  equal  paztk    One  la  eatted  Aw  noctba 
Hk  other  the  •outbcm  hnwiaphflro. 

T.  XJpou  what  hemisphere  18  my  hand  now  placed  ? 

P.  The  northern  hemisphera. 
•     T.  Ii  then  any  other  w»y  in  irhidi  the  dungoi  of  dagr  atti  ai^ 
might  be  produced  ? 

P.  Yes;  the  son  might  torn  round  the aarth in. thttOODmof*  day. 

T,  If  apoQrwomaawaBCadtonaiitaJQintef  nnitten  baisRlheflie^ 
what  would  she  do  in  order  to  hare  evaiy  peat  a^ttUy  matedS 

P.  She  would  tie  a  piece  of  string  to  the  mutton,  and  makeHi^Bi 
round  beteo  the  fire. 

r.  Is  there  any  other  way  in  whi^thifr might  be  done 2  KofWHiink. 

P.  The  fire  might  be  made  to  turn  round  the  mcaat 

r«  But  which  of  these  methoda  is  the  bettca  ? 

P.  The  first  method,  certainly ;  beeauae  it  must  be  fo  leM  tanUi  t^ 
make  the  meat  turn  round  before  the  fire  than  to  make  a  machine  ftr 
turning  the  fire  round  the  meat. 

r.  Whatdiooldyonsayif  amanpropoaedtodothis? 

P.  That  although  he  might  show  some  ingenuity,  yet  he  would  be  a 
yery  fooliflh  person. 

T.  Now,  it  is  equally  lidiculooa  to  anppose  that  the  eon  tvaoe  round 
the  earth.  It  is  too  monstrous  for  us  to  oonodye  it  poasiUe  th«t  Al- 
mighty God,  who  is  the  fountain  of  all  wisdom  and  g^oodnasib  ecmid  effect 
anyof  hia  pwpoeea  by  the  ageney  of  neaiaa  whi<^  it  vo«]d  a^^pesr  un- 
suitable^ even  on  the  part  of  his  creatures,  to  f»pi«y. 


LATITUDE  AKD  LOVaiTin>X. 

TsocAer.  (Moving  his  pointer  round  the  globe.)  How  many  dognes 
have  I  moved  my  pointer  over  ? 

PtqnL  360^. 

7.  (Moving  his  pcnntcr  ftoqi  the  pole,  to  the  equator.)  "Pom  way 
degrees  have  I  now  moved  my  pointer  over  i 

p.  90^,  or  a  quadrant. 

T.  Why? 

P.  Because  it  is  a  quarter  of  the  whole  dreunifiere&oe,  and  ttktqqirtcr 
of  360O  will  be  90''. 

71  Now,  knowing  the  circumference  of  the  earth  to  be  25|(MH)  lOflea, 
I  want  you  to  tell  me  the  length  of  1^  ? 

P.  About  69i  miles ;  because^  the  length  of  the  whole  otrcnmfeieQioe^ 
or  860^  being  25,000  miles,  the  length  of  1<>  will  be  the  860th  pah  of 
S0,OOO  miles,  or  ^Wto  WKly^ 


T.  (Moting  Ml  pokter  over  a  inttidiati.)    What  Ib  thli  ISm  called  ? 

P,  It  is  a  meridian. 

7.  (Moving  hia  pester  oti  the  eqtiaew,  bcew«sn  the  fitst  ia«id!n  t^ 
the  meridian  passing  thixvugh  a  place.)    What  is  this  distanea  eallad  i 

P.  The  longitiide  of  the  place  throogh  which  the  mffridian  pnssa, 

T.  (Putting  his  pcnnter  on  a  place  in  North  America.)  What  load 
of  kmgitnde  will  this  place  have } 

P,  West  longitude. 

r.  (Momg  his  pomteronapttalklof  kdtDde.)  What  It  thit  Une 
called? 

P.  A  parallel  of  latitude. 

7.  Whj  is  it  called  a  iNiraM  of  latitude  > 

P.  Because  it  is  drawn  parallel  to,  and  eren  with,  the  equator. 

T.  (Putting  his  pointer  on  a  place  in  the  southern  hemisphere.)  What 
kind  of  latitude  will  this  place  have  ? 

P,  South  latitude. 

7.  Here  is  a  meridian  passing  through  a  place.  Now,  if  this  distance 
(tracing  with  his  pointer  the  distance  between  the  place  and  the  equator) 
be  35^,  what  is  the  latitude  of  the  place  ? 

P.  360. 

7.  Upon  what  line»  then,  is  the  latitude  of  a  place  measured  ? 

P.  Upon  a  meridian  line  passing  through  the  place. 

7.  How  many  things  must  be  given  to  fix  the  position  gf  a  place  upon 
theearth? 

P.  Two  things  :  the  longitude  and  latitude. 

7.  Is  this  parallel  of  latitude  a  great  or  small  circle? 


PROBLBlfg  OK    LONOXTUDS^ 

Tioeher.  When  it  is  noon  at  Greenwich,  what  time  will  it  be  to  a  place 
having  45^  west  longitude  ?    Ana,  l^e  o'clock  in  the  morning. 

7.  When  it  is  noon  at  Qreenwich^  what  tiaoe  will  it  be  to  a  place 
hanng  60^  east  longitude  }    Am.  Four  o'clock  in  the  afternoon.      , 

7.  When  it  is  noon  with  us,  what  time  will  it  be  to  all  places  on  our  * 
■epposite  meridian  }    Am,  Ix  will  be  midnight. 

7.  In  what  time  will  the  earth  turn  round  1^  ?    Am*  i  minntea 

Because,  time  ia  moving  round  860^  =s  24  hours ; 

u  M  JO  a— nmt,  ss  4  mm. 

360  »«*«*. 

7.  When  it  is  noon  at  Qreenwich,  what  time  wifflt  be  to  a  place 
having  40^  east  kmgitude  ? 
It  haa  been  shown  in  the  last  question  thai  places  hanring  a  difonce 
86» 
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of  1^  of  longitude  will  hare  ft  dtlFerenoe  of  four  minuteB  in  time ;  thero- 
fore,  a  difibicnce  of  40®  in  longitude  vnJl  have  a  diiferenoe  of  time  equal 
to  forty  times  four  minutes*  or  two  bouxs  and  forty  minutes.  But  as  the 
place  has  east  longitude,  it  will  have  its  noon  before  us,  and  oonsequently, 
when  it  is  noon  with  us,  it  will  be  two  hours  fort/  minutes  past  noon  at 
the  place. 

r.  The  captain  of  a  ship  finds  that  the  pcunter  of  his  dock,  keeping 
Greenwich  time,  b  at  four  o'clock  in  the  aftemoon  when  the  sun  is  ib 
the  mmdian  of  the  place  of  observation ;  what  b  the  longitude  of  the 
ship  ?    Ana,  60°  west  longitude. 

7.  If  the  pointer  of  the  clock,  in  the  last  pxample,  be  at  seven  o'i^oA 
before  noon,  what  will  then  be  the  longitude }    Ana,  76®  east  kmgitade. 


THE  TROPICS   ANB   ECLIPTIC.  —  THE  ZONES. 

Teaeher.  (Moving  his  pdmter  on  the  tropic  of  Cancer.)  What  is  this 
line  called? 

Pupa.  The  tropic  of  Cancer. 

7.  When  does  the  sun  shine  perpendicularly  over  this  Kne  } 

P.  On  our  midsummer  day,  or  the  2l8t  of  June. 

T.  (Moving  his  pointer  on  the  arctic  circle.)  What  is  this  line  called? 

P.  The  arctic  circle. 

7*.  What  places  this  line  upon  the  globe? 

P.  The  fact  that,  on  our  midsummer  day,  the  sun's  light  extends  23^° 
over  the  north  pole. 

7.  (Moving  his  pointer  on  the  tropic  of  Capricorn.)  What  is  this 
line  called  ?    And  why  is  it  placed  here  ? 

P.  The  tropic  of  Capriooni.  The  sun  shines  perpendicularly  over  it 
on  our  midwinter  day,  or  the  21st  of  December. 

7.  (Tracing  out  the  torrid  zone.)    What  zone  is  this  ? 

P.  The  tonid  zone. 

7.  By  what  lines  is  it  bounded  ? 

P.  It  is  bounded  by  the  tropics  of  Cancer  and  Capricorn. 

7.  .(Tracing  out  the  temperate  zone.)  What  zone  is  this,  wad  how  ia 
it  bounded  ? 

P.  It  is  the  temperate  zone,  and  it  is  bounded  by  the  tropic  of  Cancer 
and  the  arctic  circle. 

7.  How  many  zones  are  there,  and  what  are  they  called  ? 

P.  There  are  five  zones :  the  torrid,  the  two  temperate^  and  the  two 
frigidj 
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ANNUAL  MOTIQN  OP  THE  EARTH. CAUSE  OF  THE 

SEASONS. 

Teacher.  (Moving  the  globe  round  the  candle,  &c.)  How  many  mo- 
tions has  this  globe  I 

PupiL  It  has  two  motions  :  one  on  its  axis,  and  the  other  round  the 
candle,  which  we  §up|XMe  to  represent  the  sun. 

T.  What  are  these  two  motions  of  the  earth  called  ? 

P.  The  one  is  called  the  diurnal  motion,  and  the  other  the  annual 
motion. 

7.  Where  is  the  or6»<  of  this  globe  ? 

P.  That  line  or  path  in  which  it  is  moving  round  the  candle. 

T,  (Bringing  the  globe  to  the  position  c.  See  Fig.  14,  p.  374.)  Now, 
when  the  earth  is  in  this  position,  what  season  have  we  ? 

P.  Summer,  because  the  sun  shines  more  over  the  northern  than  over 
the  southern  hemisphere. 

7.  (Holding  a  pointer  from  the  candle  to  the  trope  of  Cancer  e.)  To 
what  point  on  the  earth's  surface  would  the  sun  be  now  shining  perpen- 
dicularly ? 

P.  To  a  point  in  the  tropic  of  Cancer. 

T,  How  much  on  every  side  of  this  pcnnt  will  the  sun's  light  extend  ? 

P.  It  will  extend  90^  over  the  earth  on  every  side,  because  the  sun 
enlightens  one  half  the  earth  at  one  time. 

7.  How  far  over  the  noilh  pole  will  his  light,  therefore,  at  this  time 
extend? 

P.  As  much  over  the  north  pole  as  the  tropic  of  Cancer  is  from  the 
equator,  that  is,  23^^. 

And  so  on  to  the  positions  d^  t,  and  b. 


Fig.  33.    Parallelism. 


'    Teacher,  (Moving  a  rod  without  changing  its  direction.)    What  haive 
yoa  to  say  with  regard  to  the  position  of  this  rod  ? 
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PMpt7.  That  although  it  is  being  mored  in  a  circle,  yet  it  still  maxn* 
tains  its /NiraiMMm. 

r.  Just  in  the  same  way,  you  might  say,  as  the  earth  preserres  the 
paraUeHsm  of  its  axis  while  it  revt>lveB  xound  the  sun.  What  do  yoa 
mean  by  the  paralldism  of  the  earth's  axis } 

P,  That  it  is  always  pazallel  to  itself,  or  that  it  crastantly  lies  in  the 
same  diiactioiu 

T.  (Moving  the  globe  round  the  eandle,  with  the  axis  rertieal.)  Why 
does  this  position  of  the  axis  not  acoount  far  the  scasona  ? 

P,  Because  the  sun  would  always  shine  peipendieularly  ntet  the 
equator,  and  theref<»«  both  hemispheres  would  always  enjoy  the  same 
amount  of  light  and  heat. 

7.  What  things  are  neoessary  in  order  to  aooefunt  ftr  the  scaaens  ? 


Tba  WBnlnder  af  tha  waA  nay  ba  diinetad  in  the  same  i 


OW  THE  USE  OF  THE  GLOBES. 

THE  TERBESTRIAL  GLOBE. 
DsrannoKS  a]ii>  xxplakations. 

1.  A  ^flobey  or  sphere,  is  a  round  bodj,  whose  surface  ia 
every  where  at  the  same  distanoe  fnmi  a  point  within  it  called 
the  centre. 

A  plane  passing  through  the  centre  of  a  sphere  divides  it 
into  two  equal  parts,  called  huM^pher^;  and  the  section,  or 


f\ 


i^gp^ 


Fiff.  1.  A  Hemifphere,  Fig*  2.  A  Segment  of  a  Sphere. 

cot^  fcrmt  a  grmxt  circhoi  the  sphere.    All  great  circles  on 
the  same  sphere  are  ohvioualy  equal  to  one  another. 

When  the  sphere  is  cut  by  a  plane  which  does  not  pass 
through  the  centre,  it.  is  divided  into  two  unequal  parts,  and 
the  section  forms  a  smaU  circle  of  the  sphere.  The  size  of 
these  circles  depends  upon  the  distance  at  irhieh  the  sphere  is 
cut  from  the  centre. 

If  a  circular  hoop  be  whirled  nmnd,  it  will  teedba  or  trace  ool  the 
wriactolaiphwc. 
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Two  great  cirdes  on  a  sphere  di- 
Tide  each  other  into  equal  parts. 

ThcM  drdes  cnai  etch  other  like  two 
equal  hoqpt:  thus,  the  two  hoops  £  Q  and 
C  D  aom  each  other  at  the  points  A  and 
B,  makmg  A  C  B,  A  B  D,  A  £  B,  and 
A  B  Q  each  equal  to  seoudrdes.  The  pole 
of  a  great  aide  on  a  sphere  is  ercry  where 
90  degrees  distant  from  it. 


2.  All  circles  on  the  globe  are  supposed  to  be  divided 
into  860  equal  parts,  as  in  Fig.  4, 

called  degrees.  Each  quadrant  of 
the  circle  therefore  contains  90  de- 
grees. By  means  of  these  degrees 
the  magnitudes  of  angles  are  meas- 
ured :  thus,  for  example,  the  angle 
A  C  K,  formed  bj  the  two  lines 
A  C  and  C  K,  contains  40  degrees. 

3.  The  terrestrial  globe  is  made 
to  represent  the  earth.  Upon  the 
surface  of  this  globe  is  drawn  the  outline  of  the  land  and 
water,  according  to  their  relative  size  and  situation,  together 
with  the  various  lines  and  points  which  have  been  invented 
for  assigning  the  exact  position  of  a  place  upon  tho  earth. 

4.  The  axis  of  the  earth  is  an  imaginary  line,  passing 
through  the  centre,  upon  which  the  earth  turns. 

This  line  is  represented,  in  the  artificial  globe,  by  the  wire  which 
passes  through  the  north  and  south  poles. 

5.  The  poles  of  the  earth  are  the  two  extremities  of  the 
axis.  One  pole  is  called  the  north  or  arctic  pole^  the  other, 
the  south  or  antarctic  pole, 

6.  The  eqtuxtor  is  a  great  circle  passing  round  the  globe  at 
equal  distances  from  the  poles.  It  divides  the  globe  into  the 
north'fm  and  southern  hemispheres. 

The  equinoctial  is  the  equator  referred  or  extended  to  the 


Fig.  4. 
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heavens.    When  the  sun  appears  in  the  equinoctial,  the  days 
and  nights  are  equal  all  over  the  world. 

7.  JlieridianSf  or  lines  of  longitude^  are  semicircles  extend- 
ing between  the  two  poles.  These  lines  cut  the  equator  at 
right  angles. 

The  meridian  passing  through  Greenwich  is  called  the^r«^ 
TMridianm 

8.  The  brazen  meridian  is  the  circle  of  brass  within  which 
the  artificial  globe  turns  on  two  axes  representing  the  poles 
of  the  earth.  One  half  of  the  brass  meridian  is  graduated 
from  the  equator  to  the  poles,  that  is,  the  point  over  the  equa- 
tor is  marked  0,  and  the  point  over  the  poles  is  marked  90 ; 
this  enables  us  to  find  the  latitude  of  a  place ;  the  other  half 
of  the  brass  meridian  commences  with  0  at  the  pole,  and  ends 
with  90  at  the  equator ;  this  enables  us  to  elevate  the  pole  to 
the  latitude  of  the  place. 

9.  The  longitude. of  a  jdace  is  the  distance  of  the  meridian 
passing  through  that  place  from  the  first  meridian,  reckoned 
m  degrees  on  the  equator.  Longitude  is  either  east  or  west, 
according  as  the  place  lies  to  the  east  or  west  of  the  first  me- 
ridian. The  edge  of  the  brazen  meridian  is  usually  employed 
for  drawing  a  meridian  through  any  given  place. 

10. '  Parallels  of  latitude  are  small  circles  drawn  parallel  to 
the  equator. 

The  polar  distance  of  a  place  is  its  distance  from  either  of 
4he  poles. 

11.  The  latitude  of  a  place  is  its  distance  north  or  south 
from  the  equator,  reckoned  ih  degrees  on  the  brass  meridian. 

12.  The  tropics  are  two  small  circles  drawn  parallel  to  the 
equator  at  the  distance  of  23^  degrees  from  it.  The  tropic 
in  the  northern  hembphere  is  called  the  tropic  of  Cancer,  and 
that  in  the  southern  hemisphere  the  tropic  of  Capricorn. 

13.  The  polar  circles  are  two  small  circles  drawn  parallel 
to  the  equator  at  the  distance  of  23^  degrees  from  the  poles. 
The  north  polar  circle  is  called  the  arctic  circle^  and  the  south 
polar  one  the  antarctic  circle. 
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14  The  sofiei.  — The  earth  is  divided  bj  the  tropics  and 
polar  circles  into  five  parts,  called  the  zones.  The  portioa 
lying  between  the  tropics  of  Cancer  aad  Capricorn  b  called 
the  torrid  zone  ;  between  the  tropic  of  Cancer  and  the  arctic 
circle,  the  north  temperate  zone  ;  between  the  tropic  of  Capri* 
com  and  the  antarcHc  circle,  the  eouth  temperate  zone ;  be- 
tween the  arctic  circle  and  the  north  pole,  the  north  Jrigid 
zone;  between  the  antarctic  circle  and  the  south  pole,  the 
90uA  frigid  zone. 

15.  The  ecliptic  is  a  great  circle  representing  the  son's  ap» 
parent  path  throughout  the  year.  It  passes  through  the  tiop* 
ics  of  Cancer  and  Capricorn,  and  is  inclined  to  the  equator  at 
an  angle  of  28^  degrees.  The  two  points  where  it  cuts  tlia 
equator,  or  equinoctial,  are  called  the  equinoctial  points^ 

16.  Signe  of  the  zodiac.  —  The  ecliptic  is  divided  into  12 
equal  parts,  called  the  signs  of  the  zodiac ;  each  part  therefore 
contains  SO  degrees.  There  are  six  northern  signs  and  six 
southern  ones.  The  sun  appears  in  the  former  during  our 
spring  and  summer  months,  and  in  the  latter  during  our  an* 
tamn  and  winter  months.  The  days  on  which  the  sun  eatei^ 
the  diflbreni  signs  are  as  follows:  — 

Northern  Signs  of  the  Zodiac. 

Spring  Signs. 

q>  Jkrift  the  Ram.  2l8t  of  March, 
y  Taunu^  the  Bull,  19th  of  ApriL 
Q    Gftfifimt,  the  Twins,  20th  of  May. 

Summer  Signs. 
O    ClofiMr,  the  Crab,  2l8t  of  Junei 
SI    Ltot  the  Lion,  22d  of  July. 
VH     Vwyo,  the  Virgin,  22d  of  August. 

Southern  Signs  of  the  Zodiac. 

Antumnal  Signs. 

^  ^ibra,  the  Balance,  23d  of  Septembo!. 
nt  Scorpio,  the  Scorpion,  23d  of  October. 
/     Sagitkarhu,  the  Archer,  22d  of  Norember. 
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Winter  Signs. 

Vf    CoprieoriMMt  the  Gh»t,  21st  of  December, 
m    AquariuSf  the  Watennaa,  20th  of  Janiwy. 
H     PucM,  the  Fishes,  19th  of  Pebruaij. 

17.  The  equinoctial  points  (that  is,  the  two  points  where 
the  equator  cuts  the  ecliptic)  are  Aries  and  Libra.  The  for- 
mer point  is  called  the  vernal  equinox,  and  the  latter  the  au- 
tumnal  equinox.  When  the  sun  is  in  either  of  these  points, 
the  days  and  nights  are  equal  all  over  the  world. 

18.  The  solstitial  points  are  Cancer  and  Capricorn.  When 
the  sun  is  in  or  near  these  points,  the  variation  in  the  length 
of  the  days  is  scarcely  perceptible.  When  the  sun  enters 
Cancer,  it  is  the  longest  day  to  all  the  inhabitants  in  the  north- 
em  hemisphere,  and  the  shortest  day  to  those  in  the  southern 
hemisphere.  On  the  contrary,  when  the  sun  enters  Capri- 
corn, it  is  the  shortest  day  to  the  people  who  lire  in  the  north- 
ern hemisphere,  and  the  longest  to  those  who  lire  in  the  south- 
era  hemisphere. 

!$•  The  colures  are  two  great  circles  which  pass  through 
the  poles ;  one  of  them,  called  the  equinoctial  colure,  passes 
through  the  equinoctial  points ;  the  other,  called  the  solstitial 
colure^  passes  through  the  solstitial  points. 

The  principal  lines  on  the  globe,  which  have  just  been  described,  avv 
icpreiented  in  the  annexed  figure ;  thus  N  8  represents  the  axis  of  the 
earth;  N,  the  north  pole;  S,  the  south  pole;  E  Q,  the  equator ;  E  Q  N* 
the  narthem  hemisphere ;  E  Q  S,  the  southern  hemisphere ;  N  <  S,  a 
meridian ;  L  T,  a  parallel  of  latitude ;  L  N,  the  polar  distance  of  L; 
e  V,  the  trqjttc  of  Cancer;  gp,  the  tropic  of  Capficorn  ;  d  e,  the  arctio 
circle ;  /  q,  the  antarctic  circle ;  the  sur&ee  of  the  earth  lying  between 
s  V  and  ^p,  the  torrid  sane;  between  c  v  and  d  e,  the  north  temperate 
Kne;  betwoen  d  e  and  the  north  pole,  the  north  frigid  zone ;  between  ^j» 
«nd  /  9,  the  south  temperate  zone ;  and  between  /  q  and  the  south  pole^ 
the  south  frigid  zone ;  c  |»,  the  ecliptic ;  C,  one  of  the  equinoctial  points; 
e  and  p,  the  solstitial  points ;  the  great  circle  N  C  S  going  round  the 
earth,  the  equinoctlal^wlure ;  and  K  c  S  v,  the  solstitial  oolure. 

80.  Th9  zmith  is  that  poiat  in  tb^  h€ATeD3  direclly  oTer  , 
9W  h^adsi 
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'21.   The  nadir  is  that  point  in  the  heavens  which  lies  di- 
rectly below  our  feet 

22.  Antipodes  are  those  people  who  live  on  opposite  sides 
of  the  earth,  and  therefore  walk  feet  to  feet.  Their  latitudes, 
longitudes,  days  and  nights,  seasons  of  the  year,  are  all  con- 
trary to  each  other. 

23.  The  horizon  is  of  two  kinds:  the  sensible  or  visible 
horizon  and  the  rational  or  true  horizon. 

The  sensible  or  visible  horizon  is  that  circle  on  the  earth 
which  bounds  our  view. 

The  rationed  or  true  horizon  is  a  great  circle  of  the  heav- 
ens, every  where  90  degrees  from  the  zenith.  The  stars  rise 
and  set  when  they  appear  on  this  line. 

24.  The  altitude  of  any  object  in  the  heavens  is  its  distance 
from  the  horizon.  When  the  body  is  on  the  meridian,  such 
as  the  sun  at  noon,  the  altitude  is  then  called  the  meridian 
aiiitude, 

25.  The  zenith  distance  of  a  celestial  body  is  its  distance 
from  the  zenith. 

26.  The  quadrant  of  altitude  is  a  thin,  flexible  slip  of  brass, 
divided  upwards  from  0  to  90  degrees,  and  downwards  from 
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0  to  18  de^es.  It  admits  of  being  screwed  to  the  brazen 
meridian.  The  upper  divisions  are  -used  for  finding  the  dis* 
tances  between  places  on  the  earth,  the  altitude  of  the  heav- 
enly bodies,  &c.,  and  the  lower  divisions  are  used  for  finding 
the  duration  of  twilight 

27.  Azimuth  or  vertical  circles  are  great  circles  passing 
through  the  zenith  and  nadir  points,  cutting  the  horizon  at 
right  angles.  The  altitudes  of  the  heavenly  bodies  are  meas- 
ured on  these  circles.  This  is  done  bj  screwing  the  quadrant 
of  altitude  on  the  zenith  of  the  place  of  observation,  and  mov- 
ing the  slip  of  brass  until  its  graduated  edge  passes  through 
the  body. 

28.  The  azimuth  of  any  celestial  body  is  an  arc  of  the  ho- 
rizon lying  between  a  vertical  circle  passing  through  the  body 
and  the  north  or,  south  points  of  the  horizon. 

29.  The  amplitude  of  any  celestial  body  is  the  distance 
at  whicb  it  rises  from  the  east  or  sets  from  the  west. 

30.  The  cardinal  points  are  the  east,  west,  north,  and 
south  points  of  the  horizon. 

31.  A  mariner's  compass  consists  of  a  card,  representing  the 
horizon,  divided  into  thirty-two  equal  parts,  called  points  of 
the  compass,  together  with  a  magnetic  needle  which  always 
turns  its  north  pole  towards  the  north.  By  this  valuable  in- 
strument seamen  direct  the  course  of  their  ships,  and  engi- 
neers and  travellers  can  at  any  time  ascertain  Xhe  cardinal 
points  of  the  horizon. 

The  needle  does  not  exactly  pdnt  north  and  south.  In  England,  at 
the  present  time,  the  north  pole  of  the  needle  points  about  24  degiees  to 
the  westward  of  the  north.  In  laying  down  a  meridian  line,  an  allow- 
ance must  be  made  fixr  this  variation. 

The  compass  is  placed  beneath  the  artificial  globe  for  setting  it  due 
north  and  south. 

82.  The  wooden  horizon^  surrounding  the  artificial  globe, 
represents  the  rational  horizon.  It  is  usually  divided  into 
seven  concentric  circles :  the  Jirst  is  for  finding  the  amplitude 
of  heavenly  bodies.    The  second^  for  finding  their  azimuth* 
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The  third  conUiiM  the  thirtj-two  pointa  of  the  eampmu  Tba 
fourth  contains  the  twelve  aigns  of  the  woduMe^  with  the  de- 
grees of  each  sign.  TiMjifth  contains  the  days  of  the  month, 
corresponding  to  everj  degree  of  the  snn'a  phice  in  the  eclip- 
tic, as  indicated  in  the  fourth  circle.  The  sixth  contaiai  the 
equation  of  time,  that  is^  the  difference  of  time  hetweea  a  clock 
and  a  son  diaL    The  fevmift  contains  the  twelve 


83.  The  himr  eireh  is  a  flat  ring  of  brass,  torsbg  nnder 
the  brazen  meridian,  on  the  axiaor  pdeof  the  artificial  globe. 
It  is  divided  into  twenty-four  equal  parts,  representing  heun* 
It  is  used  for  finding  the  difference  of  time  between  ai^  giveo 
places,  the  length  of  the  daj,  &c 

94.  The  ebcluta(Mti  of  the  sua  ia  his  distaaee^  aertk  or 
south,  from  the  equinoctial.  At  the  equinoxes  he  has  no  deex 
Unation ;  at  the  tropic  of  Cancer  he  has  attained  his  greatest 
northern  declination  i  and  at  the  tsopie  of  Caprioorm  he  haa 
attained  his  greatest  southern  declination. 

So.  The  rigfu  ascension  of  the  sun  is  the  distance  of  the 
meridian,  passing  through  the  sun's  place  ia  the  ecliptic,  from 
the  equinoctial  point  Aries,  reckoned  ia  degrees  eastward  ool 
the  equator  or  equinoctial 

86.  A  right  sphere  is  that  position  of  the  earth  where  the 
poles  are  in  the  horizon,  and  the  equator  passes  through  the 
aenith  and  nadir.  The  people  who  live  at  the  equator  have 
this  position  of  the  sphere. 

87.  A  parallel  sphere  is  that  position  of  the  earth  where 
the  poles  are  in  the  zenith  and  nadir,  and  the  equator  co- 
incides with  the  horizon.  If  there  were  any  people  living  at 
the  poles,  thej  would  have  this  position  of  the  sphere. 

88.  An  oblique  sphere  is  that  position  of  the  earth  where 
the  equator  cuts  the  horizon  obliquely.  All  the  peoj^e  onthe 
earth  (excepting  those  that  live  at  the  equator  and  the  poles) 
have  this  position  of  the  sphere. 
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PROBLEMS  ON  THE  TERRESTRIAL  GLOBE. 

Pboblem  L  To  find  ike  latitude  and  longitude  of  any 
given  place. 

Rule.  Bring  the  given  place  to  the  east  edge  of  the  brass 
meridian :  the  degree  directly  over  the  plaee  is  the  latitude ; 
and  the  degree  on  the  eqaator  cut  by  the  brass  meridian  is  the 
longitude. 

The  latitude  of  a  place  may  be  north  or  south,  and  the  lon- 
gitude east  or  west. 

"Rtcimft.w. 

1.  What  {0  the  latitude  and  longitude  of  Baxis? 
An»wer,    4%o  60'  north  latitudo,  and  ^  W  east  kngStoda 
Required  the  latitudes  and  longitudes  of  the  Allowing  plaoei  3  — 

2.  Rome ;  3.  South  Cape»  Spitzbergen ;  4.  Malta ;  5.  Cape  Horn ; 

6.   AZOKB. 

7.  What  18  the  latitude  and  longitude  of  the  north  pole } 

8.  What  is  the  greatest  latitude  a  place  can  havef 

9.  What  is  the  greatest  longitude  a  place  can  have  ? 

10.  What  part  of  the  earth  is  that  which  has  no  latitude? 

Answexs. 
(2.)  410  t^f  N.  lat,  and  12<>  27'  E.  long. 
(8.).  1^  82'  N.  lat.,  and  \^  45*  E.  long. 
(4.)  W^  68'  N.  lat.,  and  \4P  80'  £.  long. 
(5.)  W>  68'  S.  lat.,  and  87°  11'  W.  long. 
(6.)  390  N.  hit.,  and  280  W.  long. 

(7.)  90° N.  lat.;  (8.)  ^0°;  (9.)  ISO^ east  or  west  longitude;  (10.) 
The  equator. 

Problem  II.  To  find  any  place  on  the  globe,  having  its 
latitude  and  longitude  given. 

Rule.  Find  the  given  longitude  on^be  equator,  and  bring 
it  to  the  brass  meridian ;  find  the  given  latitude  on  the  brass 
meridian|.and  the  place  immediately  under  wiU  be  the  place 
required. 

EXAMPLSS. 

(1.)  What  lOaoe  has  20<>  nifttb  Ifttituda^  and  7««  w«st  ](Bii^ 
Anmotr*    The  Island  of  Cubk 
36* 
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VHiat  plaoo  hne  neailf  the  fidlowing  i****"'^**  and  kogpUodeB  } 
(2.)  640  N.  lat^  snd  18|<>  E.  kmg. 
(3.)  8OO  N.  1«L,  tnd  310  £  loog. 
(4.)  210  8.  Ut,  and  65i'>  £.  long. 
(5.)  29''  N.  Ut,  and  IS^  W.  kng. 
(6.)  34<'  &  lat.,  and  IS^  £.  kmg. 

Answers.  (2.)  Dantzic ;  (3.)  Cairo ;  (4.)  Idand  oi  BomboQ ;  (5.) 
Canary  Islands,  Falma ;  (6.)  Cape  of  Good  Hope  town. 

Pboblem  IIL  To  find  all  those  places  which  have  the 
same  latitude  as  a  given  place* 

Rule.  Bring  the  given  place  to  the  brass  meridian,  and 
find  its  latitude ;  turn  the  globe  slowly  round,  and  all  places 
which  pass  under  the  observed  latitude  will  be  those  required. 

All  places  in  the  same  latitude  have  the  same  seasons,  and 
the  same  length  of  daj  and  night ;  but,  owing  to  various  phjsi- 
cal  causes,  (such  as  the  relative  distribution  of  land  and  water,) 
thej  maj  not  have  the  same  temperature. 

Examples. 

1.  What  places  have  nearly  the  same  latitude  as  Conatantmople } 
Answer,    Naples,  Peldn,  Philadelphia,  &c 

"What  places  have  nearly  the  same  latitude  as  the  IbUowing : 

2.  London;  3.  Alexandria;  4.  Some? 

6.  What  places  have  nearly  the  same  length  of  days  as  Maha  ? 
Anewert,    (2.)  Rotterdam,  &c. ;  (3.)  Cummin's  Island,  China,  fte> ; 
(4.)  Nova  Scotia  ;  (5.)  Cape  St.  Yinoent,  Portugal,  ftc. 

Problem  IY.  To  find  aU  those  places  which  have  the 
same  longitude  .as  a  given  place, 

RuLB.  Bring  the  given  place  to  the  brass  meridian ;  all 
places  under  the  edge  of  the  brass  meridian,  from  pole  to  pole, 
have  the  same  longitude. 

The  people  living  in  all  those  places  which  have  the  same 
longitude,  have  noon  and  all  other  hours  of  the  day  alike. 

Examples. 

1 .   What  places  have  nesrly  the  same  longitude  as  Madeira  ? 
Anawer,    Heda,  Teneriffe^  Cape  Blanco^  &c. 
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2.  "What  inhabitantB  of  the  earth  have  nearly  the  same  time  as  the 
people  of  the  Cape  of  Ghxxl  Hope  ? 

3.  What  places  have  nearly  the  same  longitude  as  Gibraltar  ? 
Annoert.    (2.)   Dantz^  Stockhohn,  &c. ;    (3.)  St.  Dayid's  Head, 

Wales,  &c. 

Problem  Y.     To  find  the  distance  between  two  places. 

Rule.  Lay  the  edge  of  tlie  quadrant  of  altitude  over  the 
two  places,  so  that  ihe  point  marked  0  may  be  over  one  of 
them ;  then  the  number  of  degrees  over  the  other  place  will 
give  the  number  of  degrees  that  they  are  apart. 

Multiply  the  number  of  degrees  by  60,  and  the  product  will 
give  the  geographical  miles  ;  or  multiply  the  number  of  de- 
grees by  69^,  and  the  product  will  give  the  distance  in 
English  miles. 

Or,  take  the  distance  between  the  two  places  with  a  thread, 
apply  that  distance  to  the  equator,  and  it  will  show  how  many 
degrees  are  contained  in  the  distance. 

EXAKPLBB. 

'    1.  What  is  the  distance  between  London  and  Madeira  ? 

Afuwer.  About*  22j|^  or  1350  geographical  mUes,  or  about  1554 
English  miles. 

What  is  the  distance  between  the  feUowing  places  ? 

2.  London  and  ConBtantinople. 

3.  Cape  Yerd  Ides  and  the  Cape  of  Good  Hope. 

4.  London  and  Fetetsbuig. 

5.  What  is  the  distance  of  Land's  End  from  Jamaica? 

6.  Suppose  a  ship  to  sail  from  Liveipool  to  Madras  in  the  following 
track:  from  Liverpool  to  Cvpe  Yerd  Tslands,  thence  to  St.  Helena, 
thence  to  the  Cape»  thence  to  Mauzitins*  t)ienca  to  Ceykm,  and  thenoe  to 
Madras;  how  many  English  miks  are  there  in  the  voyage  ? 

,An8WEB8. 

(2.)  1320  geog.  miles,  and  1535  Eng.  miles. 
(3.)  3900  geog.  mOes,  and  4491  Eng.  miles. 
(4.)  1140  geog.  miles,  and  1812  Eng.  miles. 
(5.)  3S40  geog.  miles,  and  4421  Eng.  miles. 
(6.)  About  i85^,  or  11,100  geog.  miles,  or  about  12,783  Eng.  miles. 

Probleh  YI.  77ie  hour  of  the  day  being  giv^  at  one 
place  J  to  find  what  hour  it  is  at  any  other  place. 
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B171.X.  Bring  the  place  at  which  the  time  is  given  Co  the 
brass  meridian ;  set  the  hoar  index  to  the  given  hour ;  torn 
the  globe  nntil  the  other  place  is  broaght  under  the  brass  me- 
ridian, and  the  index  will  point  to  the  i^uired  time. 

Or  thuM  2y  calculation.  Find  the  difference  of  longitade 
between  the  two  places,  allow  an  hoar  for  every  15  degrees, 
and  fbar  minutes  of  time  for  everj  degree,  and  the  tkne  thos 
obtained  will  ^ve  the  difference  of  titte  between  the  two 
places.  If  the  place  at  whidi  the  time  is  required  lies  tc^  the 
east  of  the  other  place,  this  difference  of  time  must  be  added 
to  find  the  time  at  the  place  required ;  but  if  to  the  west,  it 
must  be  subtracted.  See  Astbokoht,  Art  22,  and  "Exxm^ 
CI8B8,  p.  418. 

EXAXPLSS. 

1.  WlMnitis4o'o]o<^intfaeaftaiiOOBatLoBdgD,whtttiineiiitat 
FclKibiiig? 

Aimoer.    Six  o'clock  in  the  crveniog. 

Or  tkui,  mofv  aeatraiefy,  by  eaieukOion.  The  difibence  of  longitade 
between  London  and  Petenbuvg  li  80^  96'.  Here  the  30  degrees  exact- 
ly g^ve  2  hcmia  difasBos  of  titta^  and  to  Mttvori  the  sOBBsiiB&g  26' ^ 
tlme»weh«vs 

26  5 

No.  min.  of  time  oormpanding  to  26'  =  7;^  X  4  =~  s  if, 

which*  added  to  the  2  houn,  gives  2  hsiini  I|  nin.  tbt  ths  ( 
time. 

Now,  as  Petenbnrg  lies  to  the  east  of  London,  the  time  at  the  1 
place  will  be  2  boon  If  mfaL  later  tliSB  it  ia  at  LeRdoBf  that  is,  tbetinw 
at  Petetsbnrg  win  be  1|  mia.  past  aix  in  die  oveninfi 

2.  When  it  IB  1  o'clock  hi  the  aftenMMa  at  Alsiaadria,  What  tiBwIi 
kalFfaikdelpI^^ 

Anstoer,    Seven  o'dock  in  the  raeniing. 
Or  thui,  more  accurately,  by  cakuUUwn. 
Longitude  of  Alexandria  =  30^  16'  east. 
Longitude  of  Philadelphia  =s  76^  19'  west 

Difference  of  longitude    wm  106^  36* 

Difference  time  in  houn  ss  -r-^  &=  7  homs. 
16 

36  7 

Diflbrenoe  time  hi  min.     as— -x  4^-^9x2)  min. 

Total  difference  of  time  ^  7  houzs  2^  minutes. 
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Koir,  m  Fbiladelphia  lies  to  the  west  of  Aiexandna,  the  tfaiu  6i  the 
fynaeg  place  will  be  7  houn  2(  min.  earlier  than  it  k  at  the  kttcr  place; 
henee  the  time  at  Philadelphia  will  be  57}  min.  past  6  in  the  morning. 

3.  When  it  is  4  o'clock  in  the  aftemoon  at  Cape  Horn,  whM  time  is 
it  at  theldandof  St,  Hd^ia? 

4.  When  it  is  10  o'dodL  in  the  morning  at  Nankin,  in  CUna,  what 
time.k  it^at  Pl^meuth*  Eaglaad  ) 

Answbbs. 

(3.)  6  min.  past  8  o'clock  in  the  evenjoig  nearly. 
(4.)  I  past  1  o'clock  in  the  morning  nearly. 

Problem  VIL  Given  the  difference  of  Hme  at  any  two 
place*  to  find  their  difference  of  longitude. 

'  Rule.  Bring  the  first  meridian  to  the  brass  neridian ;  set 
the  hour  index  at  12  o'clock ;  turn  the  globe  untS  the  given 
time  is  brought  under  the  brass  meridian ;  and  the  degree  of 
the  equator  cut  by  the  brass  meridian  will  be  the  difference 
of  longitude. 

Or  thm  by  caktdation.  Allow  15  degrees  difference  of  bn- 
gitude  for  every  boor  in  the  difference  of  time,  or  1  degree 
for  every  4  minutes  of  time. 

EXAMFLBS. 

1.  When  it  is  noon  at  a  certain  place,  it  is  S  o'clock  in  the  laanbfg  at 
London ;  required  the  longitude  of  the  place. 

Amwer,    60^  east  Imigitude. 

Or  thw  ^  eaieulation.    Hetethediffereneeof  timeisi  homn. 
Difference  longitude  ^s  4  X  16  »=  60  degrees. 
As  the  time  at  London  is  befere  that  of  the  place^  it  follows  that  it 
must  have  60  degrees  east  longitude. 

2.  When  it  is  10  o'clock  in  the  mdhiing  at  London,  at  what  places 
wiUahenscai^ 

3.  What  places  will  have  noon  7  hours  66  min.  beifaie  London } 

AVSWSBS. 

(2.)  To  all  places  having  30^  £.  long.,  —  Petenbuxg,  &c. 
(8.)  To  an  places  having  llSP  E.  long.,  —  Nankin,  &c. 

Problem  VIIT.  To  Jtnd  the  length  of  a  degree  fn  emg 
given  paretBei. of  iatitttde,  ' . 
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RuLB.  Lay  the  edge  of  the  qaadrant  of  altitude  parallel 
to  the  eqaator  between  bdj  two  meridiaiUy  (15  degrees  of 
longitude  apart ;)  then  the  number  of  degrees  intercepted  be- 
tween them,  multiplied  hj  4,  will  give  the  number  of  geograph- 
ical miles  contained  in  a  degree  of  the  given  parallel  veij 
nearlj.  To  find  the  number  of  Engllish  miles,  multifdj  the 
geographical  miles  bj  69.1  and  divide  hj  60. 

EXAHPLBS. 

1.  How  many  geognrphieal  and  English  xnHes  are  thoe  tontained  in 
a  degree  in  the  latitude  oC  40^  i 

Here  the  distance  between  two  meridiana  (15  dq^rees  apeit)  in  the 
parallel  of  40^,  is  Hi  degrees  of  the  equator  nearly ;  hence  we  hxre 
Length  of  16  degrees  longitude  on  parallel  40^ 
Bs  1 1}  degrees  of  the  equator 
SS3 11}  X60  geographical  miles  ; 
Length  of  one  degree  longitude  on  paralld  40^ 

llj  X  60 


16 

46  X  69.1 
'        60 


Hi  X  4  s=  46  geog.  miles 
Eng.  miles  es  62.97  Eng.  miles. 


How  many  geographical  and  English  miles  are  there  contained  in  a 
degree  in  the  following  latitudes } 
(2.)  30<»;  (3.)  61«>;  (4.)  66^;  (6.)  60®. 

Akswxiis. 

(2.)  61.9  geog.  miles,  or  69.7  Eng.  miles. 
(3.)  37.7  geog.  miles,  or  43.4  Eng.  miles. 
(4.)  33.6  geog.  miles,  or  38.6  Eng.  mika. 
(6.)  30  geog.  miles,  or  34}  Eng.  miles.^ 

Problem  IX.     Thfind  the  antipodes  of  a  given  piace. 

Rule.  Place  the  two  poles  of  the  globe  in  the  horizon ; 
turn  the  globe  until  the  given  place  comes  to  the  eastern  part 
of  the  horizon  ;  observe  the  number  of  degrees  that  the  place 
is  to  the  north  (or  south)  of  the  east  point  of  the  horizon,  and 
the  same  number  of  degrees  counted  south  (or  north)  from 
the  west  point  of  the  horizon  will  give  the  antipodes  required. 
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Examples. 

1.  Required  the  antipodes  of  London. 

Annoer.    Antipodes  Island,  near  the  Island  of  New  Zealand. 

Required  the  antipodes  of  the  following  places :  2.  The  Island  of 
Bermudas ;  3.  Cape  Horn ;  4.  Cape  of  Good  Hope ;  6.  the  Axores. 

Anatoen.  (2.)  The  south-west  part  of  New  Holland ;  (3.)  the  east 
of  Lake  Baikal;  (4.)  the  north  of  the  Sandwich  Islands;  (6.)  east 
of  Cape  Howe. 

Problem  X.     To  rectify  the  globe  for  a  given  place, 

BuLE.  Elevate  or  raise  the  corresponding  pole  as  many 
degrees  above  the  wooden  horizon  as  are  equal  to  the  latitude 
of  the  place.    See  Astronomy,  Art  28. 

If  the  globe  be  now  turned  round,  so  as  to  bring  the  place 
to  the  brass  meridian,  it  will  be  seen  that  the  plac»  occupies 
the  zenith  of  the  globe ;  that  is  to  saj,  the  wooden  horizon 
forms  the  true  horizon  to  the  place. 

Problem  XL  To  find  the  $un*i  place  in  the  ecliptic  for 
any  given  day. 

Rule.  Find  the  month  and  the  mark  corresponding  to  the 
day  of  that  month  in  the  outer  circle  of  the  wooden  horizon ; 
then  the  coincident  mark  in  the  circle  containing  the  signs  of 
the  zodiac  will  give  the  sun's  place  in  the  ecliptic,  which  may 
then  be  found  upon  the  globe. 

Problem  XII.  To  find  the  9un^9  declination  for  a  given 
day  of  a  given  monthy  and  to  find  the  places  to  which  the  9un 
will  be  vertical  on  that  day. 

Rule.  Find  the  sun's  place  in  the  ecliptic  for  the  given 
daj,  (Frob.  XL  ;)  bring  that  point  of  the  ecliptic  to  the  brass 
meridian,  and  the  degree  directly  over  it  on  the  brass  merid- 
ian is  the  declination  north  or  south.  Turn  the  globe  round, 
and  every  place  which  passes  under  that  degree  of  the  brass 
meridian  will  have  the  sun  vertical  on  that  day. 

The  declination  of  the  sun  obviously  gives  the  latitude  of 
the  places  which  will  have  the  sun  vertical 

The  sun  can  only.be  vertical  to  places  lying  within  the 
torrid  zone. 
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SxAKPLBi. 

1.  Bequired  the  declination  of  the  ran  on  th*  11th  of  Juljr.  What 
will  be  the  latitade  of  the  plaoei  to  which  the  eon  will  be  verticBl  on 
that  day? 

Amwer.  22«  north  decHnation ;  and  22^  north  ktitude,  Leaoe  U- 
and,  Cattegat,  ftc. 

To  find  the  dedination  and  the  placet  to  which  he  will  be  fcrtieBl  ca 
the  following  days :  — 

2.  3d  of  October;  3.  24th  of  July;  4.  10th  of  Jannary ;  5.  lOth  of 
June. 

*  An9W$rt.    (2.)  4^  aouth  decL,  ftnd  4<>  aonth  lattadti 
(8«)  20^  north  ded.,  and  20<' north  latitvae. 
(4.)  220  Bout}j  dec!.,  afid  22^  raatWlatitude. 
(6.)  23<'  north  decL,  and  23^  north  latitude. 

pROBLE&i  XIII.  To  find  the  hour  at  which  the  gun  rtie$ 
and  sets  at  a  given  place^  for  any  given  day. 

BuLE.  Rectify  the  globe  for  the  latitude  of  the  place, 
(see  Prob.  X.;)  find  the  sun*8  place  in  the  ediptic,  (see 
Prob.  XI.,)  and  bring  it  to  the  brass  meridian.  Set  the  in- 
dex of  the  hour  circle  to  XII. ;  turn  the  globe  till  the  san'a 
place  comes  to  the  eastern  edge  of  the  wooden  horizon,  and 
the  iodez  will  show  the  hour  at  which  the  sun  rises ;  then 
turn  the  globe  till  the  sun's  place  comes  to  the  western  ed^ 
oi  the  wooden  horizon,  and  the  index  will  show  the  hour  at 
which  the  sun  sets. 

The  length  of  the  da^  is  found  by  doubling  the  boor  of 
sunset. 

The  amplitude  of  the  sun  will  be  found  bj  ^fflplf  <^ 
serring  the  point  on  the  wooden  horizon  which  is  cut  by  the 
voatt  pkee  in  the  ed^tie  at  the  time  of  rising  or  sittiag.      ^ 

BXAKPtES. 

1.  AtwhattbMwillthesenzaaeandaeltdtbepeQpltof  Umdoaon 
the  2l8t  day  of  Defemha?  Bequired  also  the  sun's  amplitude  on  this 
day. 

AntwT.  Bises  I  before  8,  and  8et8  4  past  4 ;  the  amitStude  about  36° 
to  the  south  of,  the  east  pc^Ht  of  the  hdrison. 

2.  Atwhattiiftewflitlwsttnilie  nd  sot !;»  the  psiptier: 
the  1st  day  of  April,  &c  ? 
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8.  What  18  the  length  of  the  longest  day  to  the  inhabitantB  of  Pans  } 
At  what  distance  from  the  east  point  of  the  horizon  does  the  sun  rise  on 
this  day  ? 

4.  Show  that  the  day  is  always  12  houis  long  to  the  people  living  at 
the  equator.  Show  that  the  21st  of  June  is  the  longest  day  to  the  in- 
habitants of  the  northern  hemisphere,  ahd  that  the  21st  of  December  is 
their  shortest  day. 

Hequiied  the  length  of  the  shortest  day  to  the  inhaHtants  of  the  fol- 
lowing places :  5.  Edinburgh ;  6.  New  York. 

Atutoert.  (2.)  Rises  |  before  6,  and  sets  i  after  6 ;  ampUtude  6^ 
north  of  the  east  point;  (3.)  Length  of  the  day  16  hours,  and  about 
37°  north  of  the  east  point;  (5.)  6^^  hours;  (6.)  9  hours. 

Problem  XIY.  To  find  the  sun's  meridian  altitude  at  a 
given  place  an  a  given  day, 

BuLE.  Rectify  the  globe  for  the  latitude  of  the  place ; 
bring  the  sun's  place  in  the  ecliptic  for  the  given  day  to  the 
brass  meridian ;  count  the  number  of  degrees,  on  the  brass 
meridian,  between  that  place  and  the  horizon  for  the  meridian 
altitude  required. 

Or  thus.  Find  the  declination  of  the  sun,  and  add  it  to  the 
co-latitude  of  the  place  when  the  declination  and  latitude  are 
of  the  same  name,  but  subtract  it  when  they  are  of  different 
names. 

Examples. 

1.  What  is  the  sun's  meridian  altitude  at  London  on  our  midsommtr 
day? 

Afutoer,  62^.  This  is  the  greatest  deration  of  the  sun  above  the 
horiaon  of  London. 

Or  thus  by  cakuUUion^  Here  the  declination  and  latitude  are  of  the 
tame  name.'  On  this  day  the  declination  of  the  sun  is  23^^  north,  an4 
the  co-latitude  is  90®  less  by  51i°,  or  38^® ;  hence  the  meridian  altltuda 
cs  88i«  +  234  =  62®. 

2.  What  is  the  sun's  mmdian  jQtitade  at  London  on  our  midwinter 
day? 

:    Amvier.    15^.    This  is  the  least  meridian  altitude  of  the  ami  to  the 
inhabitants  of  London. 

Or  thus  by  calculation.  Here  the  declination  and  latitude  have  dif<* 
ferciit  names.  In  this  case,  therefore,  we  have  the  meridian  altitude  C9 
a84--284«M». 
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3.  Required  the  tun's  meridian  altitude  at  Pazis  on  the  Ist  of  Augiat. 

4.  What  is  the  sun's  meridian  altitude  at  London  on  the  2d  of  F^>- 
ruary? 

What  would  be  the  meridian  altitude  of  the  sun  on  the  2  let  of  June 
to  the  following  places^  6.  The  north  pole;  6.  The  arctic  circle;  7.  The 
equator. 

Anttoen.  (3.)  69«  W  ;  (4.)  211«;  (6.)  231«;  (6.)  47*»;  (7.)  664* 
or  23^^  fipom  the  zenith. 

Pboble^i  XV.  To  find  the  altitude  of  the  Mun  at  any 
given  place  and  h^ur  ;  and  also  hii  azimuth. 

Rule.  Rectify  the  globe  for  the  latitude  of  the  giTen 
place ;  bring  the  sun's  place  to  the  brass  meridian ;  set  the 
index  to  XII. ;  turn  the  globe  till  the  index  points  at  the 
given  hour ;  fix  the  quadrant  of  altitude  on  the  brass  merid- 
ian, at  the  degree  of  latitude  of  the  given  place,  and  laj  its 
edge  over  the  sun's  place ;  then  count  the  number  of  degrees 
on  the  quadrant  between  this  point  and  the  wooden  horizon, 
and  it  will  give  the  altitude  required. 

The  distance  of  the  point,  where  the  edge  of  the  quadrant 
of  altitude  cuts  the  wooden  horizon,  from  the  north  or  soath 
points,  will  give  the  sun's  azimuth. 

Examples. 

1.  Required  the  sun's  altitude,  &c.,  at  7  o'clock  in  the  morning  on 
the  5th  of  May  to  the  inhalntants  of  London. 

AMwer.  Altitude  21jl^,  and  azimuth  90^  from  the  north  point  of 
the  horizon. 

2.  Required  the  sun's  altitude  and  azimuth  at  4  o'clock  in  the  after> 
noon  on  the  2d  of  July,  to  the  inhabitants  of  Petersburg. 

3.  Required  the  same  as  in  the  last  example  to  the  inhabitants  of 
XiOndon. 

Answert.  (2.)  35^  altitude,  and  azimuth  75^  from  the  south  point; 
(3.)  37°  altitude,  and  luunuth  80^  from  the  south  point. 

Probleu  XVL  77ie  hour  and  day  being  given  at  a  par- 
ticular  placCj  to  find  the  place  where  the  sun  is  then  verticaL 

Rule.  Find  the  sun's  declination  for  the  given  daj ;  (see 
Prob.  Xn. ;)  this  gives  the  latitude  of  the  required  place ; 
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bring  the  given  place  to  the  brass  meridiaii;  set  the  index  to 
the  given  hour ;  torn  the  globe  till  the  index  points  to  XIL 
noon ;  then  all  the  places  under  the  brasB  meridian  wifl  have 
noon  at  the  given  time,  and  the  place  whose  lacitiide  is  the 
same  as  the  sun's  declination  will  have  the  son  verticaL 

ESAMFLEB. 

1.  TowhatplacewiUtheson  be  ncBljTeEtial  OB  ^e  Ml  di^cf 
Pebruary,  when  it  is  23  minutes  past  dood  it  Londm  ? 

Afuwer.    The  Island  of  St.  Hdena. 

2.  To  what  place  win  the  son  be  neadyVftial  on  &e  30&  dqref 
April,  when  it  is  34  minutes  past  1  o'clock  in  ^eaAanoanitLaidgB? 

Answer.    To  the  Island  of  St.  Jago,  one  cf  the  Cspe  Tod  Ida. 

3.  When  it  is  40  minnteB  past  6  o'doek  in  the  —»i«g  at  landoa 
on  the  26th  of  April,  where  is  the  son  vertieal? 

Answer,    Madras. 

4.  When  it  is  4  o'dodL  in  the  aftanoon  at  London  on  &e  ISA  af 
Angpist,  where  ii  the  son  vertical? 

Answer.    Bazfaadoes. 

Pboblem  XVIL    a  place  wiikin  ike  torrid  wm  hnmy 

given^  to  find  those  two  daye  of  tie  year  on  wkiek  ike  ttm  wUl 
be  vertical  to  the  yiven  place. 

BuLE.  Bring  the  given  place  to  the  brass  meridian,  and 
observe  its  ladtade ;  turn  the  globe  on  its  axis,  and  maik  what 
two  points  of  (he  ecliptic  pass  onder  that  latitode ;  weA  those 
two  points  of  the  ecliptic  in  the  cirde  cootainii^  the  signs  of 
the  sodiaCy  on  the  wooden  horiaony  and  opposite  to  them  wiH 
be  found  the  days  required. 

ExAimBs, 

1.  On  what  two  days  of  the  Tear  wiU  the  son  be  vertical  to  &e  in* 
habitants  of  St.  Helena? 

Answer.  On  the  5th  day  of  Fetnarj*  and  on  the  Sth  day  of  Ko> 
veniber* 

2.  On  what  two  days  of  the  year  win  the  son  be  vertical  to  the  inhab- 
itants of  Madras? 

Answer*  On  the  26th  day  of  Apnlt  and  on  the  18th  of  Angart. 


4K     vATxjuMa,  j/^9m  maxwmwrut  Tnaa^somr, 


rmonMM  XYin.     ne  Aour  mnd  d^  hmf 
fHxrtieularplaeey  to /nd  the  placet  t^lu0ie  the  eimui 
w  setting^  end  yfhere  it  is  aoon  ^  nMmgfiL 

Rule.  Rectify  the  globe  for  the  latitude  of  the  giren 
place ;  find  (bj  Prob.  XVI.)  the  place  to  which  the  son  is 
vertical  at  the  given  time,  and  bring  that  place  to  the  brass 
meridian ;  then  all  places  on  the  western  edge  of  the  wooden 
horizon  will  have  the  sun  rising ;  all  those  on  the  eastern  edge 
will  have  him  setting ;  all  those  places  under  the  upper  Jialf 
of  the  brass  meridian  will  have  noon ;  and  all  those  wder  the 
k>wfir  half  of  the  bcaas  meridian  will  have  midn%ht 

1.  When  it  is  62  minutes  post  4  o'doek  in  themoniing  stlienAan^Mi 
the  5th  of  March,  at  what  places  is  the  sun  then  liiwg,  cr  aetlHigv-aBd 
^heee  is  it  noon  or  midnight? 

Ana\D9r,  The  sun  is  ruing  at  the  White  Sea,  Moiea,  Pctcwbufg,  ft& ; 
setting  at  the  eastern  coast  of  Kamtachatka,  between  the  Friendlj^nd 
Society  Islands,  &c ;  noon  at  Sunda  Islands,  Cochin  China,  &c. ;  mid" 
night  at  New  York,  St  Domingo,  &c. 

2.  Where  is  the  sun  rising,  setting,  &c.,  when  it  is  4  a'dock  in  the 
afternoon  at  London  on  the  26th  day  of  Apriil  ? 

Anafoer.  Biaing  at  Hawaii,  &c. ;  setting  at  the  Cape  of  Good  Hope^ 
&C. ;  noon  at  Buenoe  Ayres,  ftc  ;  and  b0  on. 

Pboblem  XIX.  7b  illustrate  the  three  positions  of  the 
sphere^  righty  parallel^  and  oblique,  so  as  to  show  the  aspect  of 
the  sun,  S^c,  at  different  times  of  the  year. 

1.  ITke  right  sphere.  The  people  at  the  eqnat<Mr  have  tti^s 
sphere ;  the  north  polar  star  always  appears  in  their  horizon. 
To  place  the  artificial  globe  in  this  position,  bring  the  two 
poles  to  the  wooden  horixon;  iom  the  globe  TOVpd;  then  the 
following  facts  may  be  readily  illustrated  :«-> 

At  the  equator,  the  days  are  always  twelve  boarB  'leog^ 
whatever  may  be  the  position  of  the  sun  in  the  ecliptic ;  ibr 
the  sun  and  all  the  heavenly  bodies  will  appear  4o  revobre 
round  the  earth  in  oircles  parallel  to  the  equiooolsa],  wd  the 


^n»l  «veitbov«  the  borisoairiB  afanii^  be 
which  18  belew  it    The  whole  of  the  1 
tile  eqosfor  in  the  eonm  ef  »^;  mtd  m  the4 
year  idl  the  sters  in  the  hte  w-m  maj  he 
the  pole%  oolj  one  half  of  4he  heeTens  cae  he  i 
e^iwaoxes  the  sua 
(fOple  at  the  equator;  when  the  i 
of  the  ecUptie^  at  nooo  his  ] 
trtu^,  when  the  na  is  ia  the  aaaAen  half  ef  ^ 
.  tto<m  hid  aspect  is  soath. 

3.    7%tf  pandid  tpkert.    The  people  M  the  i 
Hiere  were  ai^  Hvijog  there, 
north  polar  star  in  the 
their  heads.    To  phMse  the 
devate  the  north  pole  90^  i 
same  thing'^  mohe  the  eqwiwirfiii  to  4 
horisotk 

Ax  iks  poie$r  dmmg  six  aoathaef  1 
wkhoot  setti^^and 
appears  above  the  ] 
the  sun  is  in  the  Teraal  < 
at  the  north  pole  (if  \ 
ion ;  and  as  the  i 
wift  appear,  daj  after  day,  to 
nntil  he  attains  his 
then  his  devatioo  ahove  the 
win  be  eqoal  to  his 
decrease  in  his  altitade,  ancfl  he  i 
nox,  when  he  will  i^ua  t 
horlson;  so  diat  he  will  hare 
horisoa  withoat  iettia^;  after  tfus  hew9  loialf  < 
lor  siie  akncfaa.  But  ihefp  will  he  tatfi^  aadl  tke  ana  is 
19^  befewthe  horieoo,— that  io,aadl  he  hm  mmnfA  W 
sooth  declination.  The  aaaie  fhin^  wfll  take  phiee  wM 
reijiieetle  the  soath  polc^  bat  with  this  dMfereaee;  whie  Ae 
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■an  shines  upon  the  north  pole,  he  will  be  inyisiUe  to  the 
supposed  people  of  the  south  pole,  and  vice  vend, 

A  spectator  at  the  north  pole  can  only  see  the  stars  in  the 
northern  hemisphere,  or  those  stars  which  lie  on  the  north  of 
the  equinoctial. 

3.  2^  oblique  ephert.  All  people  living  on  the  earthy 
excepting  those  at  the  equator  and  poles,  have  this  position  of 
the  sphere.  In  this  case,  the  horizon  cuts  the  equator  ot>- 
liquely.  To  place  the  artificial  globe  in  this  position,  elevate 
the  north  or  south  pole,  as  the  case  maj  be,  to  the  latitude  of 
the  place  where  we  may  conceive  a  spectator  to  be  pUced. 
Let  us  suppose,  for  example,  that  the  north  pole  is  elevated  to 
the  l&titude  of  London. 

To  the  people  living  at  London,  for  six  months  of  the  jear, 
the  days  are  more  than  twelve  hours  long,  and  for  the  re- 
maining six  months,  thej  are  less  than  twelve  hours  long ; 
that  is  to  saj,  from  the  21st  of  March  to  the  22d  of  Septem- 
ber, when  the  sun  is  on  the  northern  side  of  the  equinoctial, 
the  days  are  more  than  twelve  hours  long ;  and,  on  the  con- 
trary, from  the  22d  of  September  to  the  21  st  of  March,  when 
the  sun  is  on  the  southern  side  of  the  equinoctial,  the  days 
are  less  than  twelve  hours  long.  At  the  vernal  equinox  (on 
the  21st  of  March)  the  sun  shines  perpendicularly  over  the 
equator,  and  the  days  and  nights  are  equal  all  over  the  globe ; 
as  the  sun  increases  in  his  northern  declination,  the  days  also 
increase  in  length ;  for  the  diurnal  arcs  described  by  Uie  sun 
are  unequally  divided  by  the  horizon;  when  the  sun  has 
attained  his  greatest  northern  declination,  (June  21st,)  the 
days  have  also  attained  their  greatest  length ;  but  they  will 
be  at  their  shortest  to  the  people  in  the  southern  hemisphere ; 
after  this,  the  sun's  northern  declination  gradually  decreases, 
and  the  days  also  gradually  decrease  in  length;  when  he 
arrives  at  the  autumnal  equinox,  (Sept.  22d,)  the  days  and 
nights  are  again  equal ;  after  this,  the  days  become  shorter 
and  shorter,  as  the  sun's  southern  declination  increases,  until 
he  has  attained  his  greatest  southern  declination,  (December 
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2l8t,)  and  then  the  days  will  be  at  their  shortest  with  us,  but 
at  their  greatest  length  to  the  people  of  the  southern  hemi- 
sphere ;  ailer  this,  our  days  increase  in  length,  and  when  the 
sun  again  arrives  at  the  vernal  equinox,  the  days  and  nights 
are  again  equaL 

The  duration  of  twilight  is  greater  with  us  than  it  is  at  the 
equator,  because  the  diurnal  arc  of  the  sun  cuts  the  horizon 
obliquely,  which  causes  him  to  take  a  longer  time  to  get  18^ 
below  the  horizon ;  whereas,  at  the  equator,  the  sun  sinks 
perpendicularly  below  the  horizon,  which  tends  to  shorten  the 
duration  of  twilight 

The  people  that  live  in  the  northern  hemisphere  can  never 
see  those  stars  which  lie  towards  the  south  polar  star,  and  the 
people  in  the  southern  hemisphere  can  never  see  those  stars 
which  lie  towards  the  north  polar  star ;  but,  as  already  ob- 
served, a  person  at  the  equator  may  see  all  the  stars  in  the 
heavens  in  the  course  of  the  year. 

Problem  XX.  Any  place  in  the  north  frifftd  s&ne  being 
giveny  to  find  how  long  the  sun  shines  there  withotU  setting^ 
and  how  long  he  is  invisible. 

Rule.  Rectify  the  globe  to  the  latitude  of  the  place; 
bring  the  ascending  signs  of  the  ecliptic  (the  signs  going  be- 
fore Cancer)  to  the  north  point  of  the  horizon,  and  observe 
what  degree  of  the  ecliptic  is  cut  by  that  point ;  find  on  the 
wooden"  horizon  the  day  and  month  corresponding  to  that 
degree ;  then  from  that  day  the  sun  begins  to  shine  without 
setting.  Now,  bring  the  descending  signs  (the  signs  coming 
after  Cancer)  to  the  north  point  of  the  horizon,  and  observe 
what  degree  of  the*  ecliptic  is  cut  by  that  point ;  find  on  the 
wooden  horizon,  as  before,  the  day  and  month  corresponding 
to  that  degree ;  then,  on  that  day,  the  sun  ceases  .to  shine 
without  setting.  By  proceeding  in  the  same  manner  with  the 
southern  point  of  the  horizon,  we  may  find  the  beginning  and 
end  of  the  period  during  which  the  sun  is  invisible. 
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BxampU.  How  long  wQl  the  sun  shine  without  setting  to  the  inhab« 
itants  of  the  North  Cape,  in  latitude  7U°  north } 

Anstoer,  The  sun  hegina  to  shine  continually  on  the  14th  of  Msy, 
and  ceases  to  shine  continually  on  the  30th  of  July.  The  longest  day 
is,  therefore,  77  days  long ;  that  is  to  say,  the  sun  shines  ^without  setting 
for  77  days.  The  period  during  which  the  sun  will  he  invisihle  extends 
fiom  the  16th  of  Noyemher  to  the  27th  of  January.  The  longest  xng^t 
is,  therefore,  73  days  long ;  that  is  to  say,  the  sun  is  never  seea  by  the 
inhabitants  of  this  place  for  the  period  of  73  days. 

Problem  XXI.  To  find  the  heginning  and  end  of  twi'^ 
light  at  a  given  place  on  any  given  day. 

Rule.  Rectify  the  globe  for  the  latitude  of  the  pkoe  i 
bring  the  sun's  place  in  the  ecliptic  on  tlie  given  day  to  the 
brass  meridian  ;  set  the  hour  circle  to  XII. ;  screw  the  quad- 
rant of  altitude  upon  the  brass  meridian  over  the  given  lati- 
tude ;  turn  the  globe  westward  till  the  'sun's  place  comes  to 
the  western  edge  of  the  wooden  horizon;  then  the  hour  circle 
will  show  the  time  of  the  sun's  setting,  or  the  beginning  of 
evening  twilight;  continue  the  motion  of  the  globe  till  the 
sun's  place  coincides  with  1 8  degrees  on  the  quadrant  of  alii* 
tude,  below  the  horizon ;  then  the  hour  circle  will  show  the 
time  at  which  the  evening  twilight  ends.  The  duration  of 
twilight  is  equal  to  the  difference  between  the  time  at  which 
it  ends  and  the  time  at  which  it  begins.  The  time  at  which 
evening  twilight  ends,  subtracted  from  12  will  give  the  begin- 
ning of  morning  twilight,  which  is  of  the  same  duration  aa 
the  evening  twilight. 

BXAMPLES. 

1.  Hequired  the  duration  of  twilight  at  London  on  the  22d  of  Sep- 
tember. 

Amwct,  The  sun  sets  at  6  o*clock,  and  twilight  ends  at  8  o'clock/ 
consequently  the  duration  of  twilight  is  2  hours. 

2.  Hequired  the  duration  of  twilight  nt  those  places  which  have  the 
tame  latitude  as  Edinbiurgh,  on  the  24th  of  ApriL 

Answer,     3  hours. 

3.  What  is  the  duration  of  twilight  at  London  on  the  20th  of  April  ? 
,    Afmoer.    2  hours  18  minutes. 
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Fboblem  XXn.  Given  ike  sun's  meridian  cdtitude^  and 
the  da^  fff^tmmkj  t9Jlnd  the  latitude  of  the  place. 

Rule.  If  the  sun  was  south  of  the  observer  when  the  alti- 
toiie  was  taken^  bring  the  sun's  place  in  the  ecliptic  to  the 
fioulli  tkk  of  Uie  biaia  meridian ;  move  the  brass  meridian  till 
thd  M»'ft  pittea  ia  nuaad  above  the  horizon  equal  to  f he  given 
meridian  altitude ;  then  the  elevation  of  the  north  pole  will 
g^ve  the  latitude  of  the  place.  If  the  sun  was  north  of  the 
observer  when  the  altitude  was  taken,  proceed  in  the  same 
manner,  with  this  exception,  that  the  sun's  place  must  be 
bftMigfat  to  the  north  side  of  the  brass  meridian,  and  the  eleva- 
tion cpf  tb6  soadl  pdle  will  give  the  latitude  of  the  place. 

Examples. 

U  On  the  21st  of  June,  the  roeridiaii  altitude  of  the  sun  was  bbserved 
to  be  69i°a  and  south  of  the  observer ;  required  the  latitude  of  the  |lace. 

Armogr.    44^  north  latitude.' 

1  On  the  2l8t  of  December  the  meridiiin  altitude  of  the  son  was  ob- 
*v««ci  tu  be  25^,  and  south  ci  the  observer;  required  the  latitude  of  the 
place. 

Anttoer.    41i®  north  latitude. 

3.  On  the  10th  of  May  the  meridiaii  altitude  of  the  sun  was  obeerved 
tobe  3e^»  and  north  of  the  obwrver;  wqaSxed  the  latitade  of  the  plaoe. 

JtNMMT.    42P  26' south  latitude. 

Problem  XXTII.  To  find  the  imgle  of  position  between 
tatfo  ^ven  jdaees*. 

Rule.  If  the  two  places  be  on  the  same  meridian,  thej 
bear  north  and  south  from  each  other,  and  therefore  their  an^ 
gle  of  poaition  is  0»  When  the  places  are  not  on  the  same 
meridian,  proceed  as  follows:  reetiiy  the  globe  to  the  latitude 
of  mie  of  the  places;  bring  that  place  to  the  brass  meridian, 
khd  screw  the  qtiadrant  of  altitude  over  it ;  move  the  quad- 
rant till  its  edge  falls  upon  the  other  place ;  then  the  point 
where  the  edge  of  the  quadrant  cuts  the  wooden  horizon  will 
grm  lbs  aagfe  of  poaitioii  between  the  two  places,  which  is  es- 
l&niledin  degrees  £x>in  the  north  pomti  or  it  may  be  i«cfcon«xl 
hj  the  points  of  the  compass. 
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1.  S«quired  the  angle  of  position  between  London  and  liadm. 
Afmoer,    90^  from  the  north  towards  the  east 

2.  Required  the  angle  of  position  between  London  and  Jamaica. 
Atuwer»    The  quadrant  of  altitude  falls  upon  the  west  point  of  the 

faonaon;  the  angle  of  position  is  90°  ftom  the  north  towards  the  weat. 

3.  What  is  the  angle  of  position  between  Madrid  and  Phfladplphia  ? 
Antwir.    66^. 

Problem  XXIV.  To  find  aU  the  places  to  which  a  lunar 
eclipse  is  visible  at  a  given  instant* 

BuLE.  Fiod  (by  Prob.  XVI.)  the  place  to  which  the  stiii 
is  vertical  at  the  given  time ;  bring  the  place  to  the  brass  me- 
ridian, and  rectify  the  globe  to  the  latitude  of  that  place ;  then 
at  all  places  within  70  degrees  of  this  place  an  eclipse  of  the 
sun  may  be  visible,  especially  if  it  be  a  total  edipse.  For  a 
lunar  eclipse,  after  proceeding  as  before,  set  the  hour  circle  to 
XII.  noon ;  turn  the  globe  till  the  hour  circle  is  at  XII.  mid- 
night; tlien  an  eclipse  of  the  moon  will  be  visible  to  all  those 
places  which  are  above  the  wooden  horizon. 

.    Examples. 

1.  There  was  an  eclipse  of  the  sun  on  the  9th  of  October,  1847>  at  29 
minutes  pest  7  o'clock  in  the  morning,  at  London ;  to  what  places  might 
it  be  visible? 

Answer,    To  Sndostan*  Arabia,  &c. 

2.  An  edipse  of  the  moon  took  place  on  the  26th  of  January,  1843, 
at  6  o'clock  in  the  aftenioon,  at  London;  to  what  phices  was  it  Tinblfl} 

Annoer,    Europe,  Asia,  Australia,  and  a  portion  of  Aidca. 

3.  An  eclipse  of  the  moon  took  place  on  tiie  3l8t  of  May,  1844,  at  00 
minutes  past  10  in  the  evening,  at  London ;  to  what  places  was  it  visible? 

Antwer,    Europe,  Africa,  and  a  portion  of  Asia. 

4.  An  eclipse  of  the  moon  will  take  plaoeon  the  7th  of  January,  18£2» 
at  30  minutes  past  6  in  the  morning,  at  London ;  to  what  places  wtfl  it 
be  viable? 

Antwer*    Visible  at  London,  &c 

Problem  XXV.  To  place  the  terrestrial glohe  in  the  sun- 
shine^ so  that  it  may  represent  the  actual  position  of  the  earth 
with  respect  to  the  sun. 
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HuLB.  Place  the  globe  directly  north  and  south,  bj  means 
if  ther  mariner's  compass  usually  placed  beneath  the  globe, 
taking  care  to  bring  the  north* pole  of  the  needle  24  degrees 
to  the  west  of  the  noilh  point  of  the  compass,  yhich  is  the 
allowance  at  present  for  the  variation ;  *  bring  the  place  where 
you  are  living  to  the  brass  meridian,  and  elevate  the  pole  io 
its  latitude ;  then  the  globe,  with  its  various  lines,  &c.,  will 
correspond  in  every  respect  with  the  position  of  the  earth,  and 
the  imaginary  lines,  &c,  upon  it,  with  respect  to  the  sun. 
The  point  to  which  the  sun  is  vertical,  the  illuminated  hemi<* 
sphere,  &c.,  may  all  be  at  once  determined. 

Problem  XXVI.  To  construct  a  horizontal  dial  by  the 
globe  for  a  given  latitude.  • 

Rule.  Place  the  globe,  as  in  the  last  problem,  directly 
north  and  south ;  rectify  the  globe  to  the  latitude  of  the  place ; 
brmg  the  iirst  meridian  to  the  brass  meridian ;  then  observe 
the  points  where  the  hour  meridians  on  the  globe  cut  the 
horizon,  and  number  these  points  according  to  the  hours  of 
the  day ;  thus  the  point  of  the  dial  at  the  brass  meridian  must 
be  numbered  XIL,  thence  XI.,  X.,  &c.,  towards  the  west  for 
the  morning  hours,  and  L,  IL,  &;c.,  for  the  evening  hours. 
The  style  of  the  dial  represents  the  axis  of  the  earth,  and 
must  therefore  always  make,  with  the  plane  of  the  horizon, 
or  the  plane  of  the  dial,  plate,  an  angle  equal  to  the  latitude 
of  the  place.  •  ' 

THE  CELESTIAL  GLOBE, 

DEFINITIONS   AND   EXPLANATIONS. 

1.  The  celestial  globe  is  constructed  to  represent  the  aspect 
of  the  heavens ;  all  the  stars  are  laid  down  on  its  surface  ac* 
6ording  to  their  relative  situations ;  and  the  various  imaginary 
circles  and  points  upon  the  terrestrial  globe  are  supposed  to 

*  At  London. 
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be  transferred  to  the  celestial  one.  The  rotatory  motion  of  tills 
globe,  from  east  to  west,  represents  the  apparent  diamal 
motion  of  the  sun,  moon,  and  star?,  to  a  spectator  supposed  to 
be  situated  in  the  centre  of  the  globe. 

2.  TJie  latitude  and  longitude  of  a  star  or  planet.  —  The 
latitude  of  a  bodj,  on  the  celestial  globe,  is  its  distance  froia 
the  ecliptic,  north  or  south,  measured  in  degrees  on  a  great 
circle  passing  through  the  bodj  and  the  pole  of  the  ecliptic ; 
and  the  longitude  is  the  distance  of  the  point,  where  the  great 
circle  cuts  the  ecliptlt,  from  the  first  point  of  Aries.  Latitude 
and  longitude  are  referred  to  the  ecliptic,  on  the  celestial 
globe,  but  on  the  terrestrial  globe  thej  are  referred  to  the 
equator. 

3.  Tlie  decUnaiioH  and  right  ascension  of  a  keavenfy  body.  — 
The  declination  of  a  body  is  its  distance  from  the  equinoctial, 
north  or  south,  measured  in  degrees  on  a  meridian  passing 
through  the  body ;  and  the  right  ascension  is  the  distance  of 
the  point  where  this  meridian  cuts  the  equinoctial,  from  the 
first  point  of  Aries.  The  right  ascension  of  a  body  is  some* 
times  expre^ised  in  hours,  making  the  usual  allowance  of  one 
boor  of  time  for  15  degrees  of  distance. 


PROBLEMS  ON  THE  CELESTIAL  GLOBE. 

Fbobleu  L  To  find  the  right  ascension  and  dectinaUon 
0f  the  sun  or  of  a  star. 

Bulb.  Bring  the  sun's  place,  or  the  given  star,  to  the 
brass  meridian ;  the  degree  over  it  is  the  declination,  and  the 
deirree  on  the  equator  cut  by  the  brass  meridian  gives  the 
Tight  ascension. 

EZASIFLES. 

^^ggj^  the  right  sseoiaian  and  decHnitton  of  Bi^iii»  in  tha 

CODlt»*»      ^^^  ascension  150^  declination  12**  47'  north. 
^fi$wer»         <^^  ascension  and  deoltnation  of  the  fallowing  sttcs:— 
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2.  Capella,  in  the  constellatxm  of  Auriga;  3.  Dubhe,  in  the  constel- 
lation cf  the  Great  Bear ;  4.  Aldcbaran,  in  the  constellation  of  Taurus  ;* 
6.  Arcturus,  in  the  constellation  of  Bootes. 

Anstoers,    (2.)  Right  ascension  76^,  declination  45°  49'  N. 

(3.)  Right  ascension  IGS*'  16',  declination  62°  36'  K. 

(4.)  Right  ascenaon  66^  declination  16<>  W  K. 

(6.)  Right  ascension  212S  dedination  2ao  3' K.' 

Pkoblem  II.  7%e  right  cucension  and  deelxnattan  of  a 
bMverdy  body  being  given^  to  find  iU  place  on  the  globe. 

Rule.  Bring  the  ^ven  degree  of  right  ascension  (or  the 
given  time  of  right  ascension)  to  the  brass  meridian;  then 
tinder  the  given  degrees  of  declination,  reckoned  on  the  brass 
meridian,  joa  will  find  the  place  of  the  bodj. 

Examples. 

1.  Required  the  star  whose  right  ascension  is  76°  46'»  or  5  houn  7 
minutes,  and  declination  8°  24'  south. 

Amver.  Rigel,  a  star  of  the  first  magnitude  in  the  oonsteUstion  ef 
Orion. 

What  Stan  hare  the  fbllowing  right  mmtrimm  and  derlinarions? 

Right  Aicenfioiis.  DecllnatiODa. 

2.  2610  30' or  17  h.  26  m.  62<>  26' N. 

3.  6  h.  38  m.  16o  29'  S. 

4.  19  h.  43  m.  S®  26'  N. 

5.  7  h.  35  m.  28©  26'  N. 

jliMMWfi.  (2.)  /f,  a  star  of  the  second  magmtade  in  the  oonstellatioii 
of  Draco;  (3.)  Sinus,  in  the  Great  Dog;  (4.)  Altair,  in  the  Eagle; 
(5.)  Pollux,  the  south  twin. 

PnoBLESr.  m.  7b  find  the  latitude  and  longitude  of  ang 
$tar. 

Bulb.  Brii^  the  pole  of  the  ecliptic  to  the  brass  merid- 
ian ;  fix  the  qaadrant  of  altitude  over  the  pole,  and  move  the 
quadrant  till  its  edge  comes  over  the  star;  then  the  degree  of 
the  quadrant  over  the  star  is  the  latitode,  and  the  nnmber  of 
degrees  between  the  edge  o£  the  quadrant  and  the  first  poini 
of  Arie»i»A^  b^gitode^ 
38 
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EXAXFLBS. 

1.  What  18  Uie  latitude  tad  longitude  of  Aldebarao,  in  the  ocDstelhi- 
tionof  Taurus? 

Atuwen    Latitude  5^'  28'  S.,  longitude  2  signs  6^  63'. 

2.  What  is  the  latitude  and  bngitude  of  Pollux,  in  the  CTmstellation. 
of  Gemini? 

Atuwer.    Lat.  6^  30'  K.,  long.  3  signs  21<'. 

Problem  IY.  .  The  day  and  hour,  and  the  latitude  of  the 
pktce^  being  given,  to  place  the  celestial  globe  so  as  to  represent 
the  appearance  of  the  heaeens  at  that  place  and  time. 

Rule.  Place  the  globe  north  and  south,  bj  the  mariner^s 
compass ;  rectify  the  globe  to  the  latitude  of  the  place ;  bring 
the  sun's  place  in  the  ecliptic  to  the  brass  meridian;  set  the 
hour  circle  to  XII. ;  turn  the  globe  till  the  index  of  the  hour 
circle  points  to  the  given  hour  of  the  daj ;  then  in  this  posi- 
tion the  stars  figured  on  the  globe  will  exactly  correspond  with 
the  actual  appearance  of  the  stars  in  the  heavens. 

Problem  Y.  The  day  and  hour,  and  the  latitude  of  the 
place,  being  given,  to  find  what  stars  are  rising,  setting,  and 
culminating. 

Kule.  Rectify  the  globe  for  the  latitude  of  the  place ; 
bring  the  sun's  place  to  the  brass  meridian ;  put  the  hour  cir- 
cle to  XII. ;  turn  the  globe  till  the  hour  circle  indicates  the 
given  hour  of  the  day ;  then  all  the  stars  on  the  eastern  semi- 
circle will  be  rising,  those  on  the  western  semicircle  will  be 
setting,  those  under  the  brass  meridian  will  be  culminating,  or 
in  their  southing,  and  those  stars  above  the  wooden  horizon 
will  be  visible  at  the  given  time  and  place. 

To  determine  those  stars  which  never  eet,  turn  the  globe 
on  its  axis ;  then  those  stars  which  do  not  go  below  the  wood- 
en horizon  never  set  at  the  given  place. 

Examples.  • 

1.  Tb  find  the  constdlatioiis  which  are  rising,  setting,  and  culminating, 
on  the  20th  of  January,  at  2  o'clock  in  the  morning  at  London. 
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Amwer*  The  consteUaticm  of  Lyra,  &c.,  are  rising;  Andxomeda, 
ftc,  axe  setting ;  and  the  Great  Bear,  &c.,  are  on  the  meridian. 

2.  To  find  the  stars  which  are  rising,  setting,  and  cuhninating,  on  the 
8th  of  February,  at  9  o'clock  in  the  evening  at  London. 

Afutoer,  A  star  in  the  Northern  Crown  is  rising;  Arcturus,  in 
Bootes,  is  a  little  above  the  horizon ;  Sinus  is  on  the  meridian ;  Markab, 
in  Pegasus,  a  little  below  the  western  horizon. 

Problem  YI.  To  Jind  the  time  when  any  heavenly  body 
will  risey  come  to  the  meridiaUj  and  sety  on  a  particular  day, 
at  any  given  place. 

Rule.  Rectify  the  globe  for  the  latitude  of  the  place ; 
bring  the  sun's  place  in  the  ecliptic  to  the  brass  meridian ;  set 
the  hour  circle  to  XII. ;  turn  the  globe  till  the  given  star  * 
comes  to  the  eastern  edge  of  the  wooden  horizon ;  then  the 
hour  circle  will  show  the  time  of  rising ;  now  turn  the  globe 
till  the  star  comes  to  the  brass  meridian,  and  the  hour  circle 
will  show  the  time  of  its  culmination  or  southing ;  lastly,  turn 
the  globe  till  the  star  comes  to  the  western  edge  of  the  wooden 
horizon,  and  the  hour  circle  will  show  the  time  of  setting. 

EZAMFLBS. 

1.  At  what  time  will  Arcturua,  in  the  constellation  of  BoGtes,  rise, 
cidminate^  and  set,  at  London  on  the  7th  of  September  ? 

Answer,  Arcturus  will  rise  at  about  a  quarter  past  7  in-  the  morning, 
culminate  at  a  quarter  past  3  in  the  afternoon,  and  set  at  three  quarters 
pest  10  at  night. 

2.  At  what  time  will  Aldebaran,  in  the  constellation  of  Taurus,  rise, 
&c.,  at  Edinburgh  on  the  26th  of  November  ? 

Answer,    It  riaes  at  about  half  past  4  in  the  afternoon,  &c. 

Problem  YII.  The  day  of  the  month,  the  latitude  of  the 
placCy  and  the  altitude  of  a  $tar  being  given,  to  find  the  hour 
of  the  night. 

Rule.  Rectify  the  globe  for  the  latitude  of  the  place ; 
bring  the  sun's  place  in  the  ecliptic  to  the  brass  meridian ;  set 

^  The  place  of  a  planet  on  the  globe  must  be  fbund  by  Prob.  VIII. 
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the  hoar  circle  to  XII. ;  screw  the  qoadnmi  of  altitude  to  the 
zenith,  and  turn  it  to  that  side  of  the  meridian  on  which  the 
star  was  observed ;  more  the  globe  and  the  quadrant  till  iho^ 
star  is  on  the  degree  of  the  quadrant  equal  to  the  giTen  alti- 
tude ;  thea  the  hoar  circle  will  show  the  hoar  reqoBred. 

ExAMPLBk 

1.  At  Rotte  on  the  2d  of  Decemto,  the  star  CapeHa,  in  the  conrtrila- 
tion  of  Auriga,  was  olaenred  to  be  42^  abote  the  horiffm,  and  west  of 
the  meridian ;  required  the  hour. 

Atmoer,    Fiye  o'clock  in  the  morning. 

2.  At  Lohdon  on  the  29th  of  December,  the  star  1}enflb,  m  the  tail 
of  the  lion,  was  ftrand  to  be  49^  dbore  the  horisn,  and  east  ef  tha 
meridian;  laquired  the  hoar. 

AnnMt*    About  a  quarter  past  2  o'doeh  in  tiia  mflnun^ 

Probliuc  VIII.  *  Giv9n  the  year  and  the  doffj  tQ  Jind  iha 
place  of  a  pkmei  <m  ike  globe* 

Bnt.fi.  Bring  the  sun's  place  in  the  ediptic  to  the  brass 
meridian ;  set  the  hour  circle  to  XII. ;  find,  in  the  Nantical 
Almanac,  the  time  when  the  planet  passes  the  meridian  on  the 
given  dajy  and  turn  the  globe  till  the  index  of  the  hour  cirde 
points  to  the  hour  thos  (band ;  find,  in  the  Almanac,  the  dec- 
lination of  the  planet  for  the  same  day ;  then  under  this  decli- 
nation, found  on  the  brass  meridian,  is  the  place  of  the  planeL 


EXPERIMENTAL  CHEMISTRY. 

SsonoN  L 

KATT7BB  OF  CHEMISTRT.  SIMPLE  AND  COMPOUKD  BODIES. 
▲TTBACTION.  CHEHICAt  AFFINITY.  NATUBB  OF  ACIDS 
AKir  AlftAUSif.      tOLUTIONS. 

NATURE  OF   CHEMISTRY.      SIMPLE  AND   COMPOUND   BODIES. 

1.  Chemistry  is  that  science  which  treats  of  the  proper- 
ties  of  the  simple  substances  composing  the  globe,  and  of  the 
various  compounds  resulting  from  their  action  upon  each 
other.  So  far  as  our  present  knowledge  extends,  there  are 
sixtj-two  simple  or  elementary  substances,  which,  uniting 
with  each  other,  form  the  vast  varietj  of  substances  found  in 
the  earth,  the  air,  and  the  waters  of  the  Ocean  and  rivers.  A 
simple  substance,  do  with  it  what  we  may,  will  not  yield  any 
other  kind  of  substance  different  from  itself.  Thus  iron  is 
considered  to  be  a  simple  body,  because  we  can  only  obtain 
iron  from  it  A  compound  body  contains  two  or  more  simple 
substances  in  a  state  of  chemical  combina- 
tion. Nearly  all  the  substances  in  nature 
are  compounds.  Sulphur  and  iron  are 
sfmpFe  substances,  but  they  combine  and 
form  a  compound  substance  called  sul- 
phuref  of  iron.  * 

Experiment,    Take  some  iron  filings  and  mix 
them  intimately  with  about  half  their  weight  of  p^     ^ 

sulphur ;  put  the  mixture  into  a  test  tube,  and 
apply  the  flame  of  a  spirit  lamp ;  at  the  same  tim«  doae  the  mouth  of 
tbs  tuba  whb  the  Com  fingpr,  to  esclixd«  tha  air :  the  iron  and  tulphur 
SS*  (449) 
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oomUne  with  ignition,  forming  the  compound  of  nilphuzet  of  iioa  —  a 
black  substance  entirely  different  from  either  the  izon  or  sulphur. 

2.  Elementarj  substances  are  usnallj  divided  into  two 
classes,  namely,  metallic  and  non-metallic  The  following  list 
comprises  some  of  the  most  important  elementaiy  substances : — 

NonrmettdUc  ElemeaU. 

Hydrogen,  Chlorine,  Carbon,  Sulphur,  Phosphorus,  lodme,  Arsenic,  *  fto. 

MeiaU, 

Potassium,  the  metal  which  forms  potassa  by  combining  with  ozygen ; 

Sodium,  the  metal  which  forms  soda ; 

Caldiun,  the  metal  which  forms  lime ; 

Magnesium,  the  m^tal  which  forms  magnesia ; 

Iron,  Copper,  Zinc,  Tin,  Lead,  Manganese  Chramium,  Mercury,  Silyer, 

Gold,  Platinum,  &c. 

8.  There  are  manj  substances,  which,  although  they  appear 
simple,  are  in  reality  of  a  compound  nature.  Thus  water  is 
a  compound,  being  made  up  or  composed  of  oxygen  and  hy- 
drogen ;  the  air  is  chiefly  a  mixture  of  oxygen  and  nitrogen ; 
common  salt  is  a  compound,  containing  chlorine  and  sodiom ; 
and  so  on  to  other  cases. 

DIFFERENT  KINDS    OF  ATTRA.CTION. 

4.  Attraction  is  one  of  the  distinguishing  qualities  of  ma- 
terial substances.     There  are  various  kinds  of  attraction. 

Attraction  of  gravitation.  —  A  stone  falls  to  th6  ground  in 
consequence  of  the  earth's  attraction,  and  the  planets -^in  the 
solar  system  are  maintained  in  their  orbits  round  the  sun  by 
the  attractive  force  which  he  exerts  upon  th«m.  This  is  called 
the  attraction  of  gravitation,  and  it  subsists  between  bodies  at 
all  definite  distances  from  each  other. 

5.  Magnetic  attraction.  —  This  is  familiarly  exhibited  in  the- 
attraction  which  the  poles  of  a  magnet  have  for  sofl  iron. 

6.  Electrical  attraction. 

ExptHmmt.    If  a  stick  of  sealing  wax  (6r  a  gla«  tube)  be  rubbed 
*  Arsenic,  usually  classed  with  metals,  is  properly  a  metalloid. 
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sharply  with  a  dry  silk  handkerchief,  the  sealing  wax  will  attract  small 
cuttings  of  light  paper.    This  is  called  electrical  attraction. 

7.  Attraction  of  cohesion.- 

Exp.  1.  If  an  apple  be  cut  in  two  with  a  sharp  knife,  the  pieces  may 
be  put  together  so  as  to  adhere. 

Exp.  2.  Take  two  balls  of  lead  ;  scrape  a  clean  portion  in  each ;  bring 
the  clean  parts  in  contact,  and  rub  the  balls  together  by  giving  them  a 
circular  motion :  they  stick  or  cohere  together. 

Exp.  3.  Two  polished  plates  of  metal  placed  together  require  consid- 
erable force  to  separate  them. 

The  force  manifested  in  these  experiments  is  called  the 
attraction  of  cohesion^  or  adhesion.  The  minute  particles,  or 
molecules,  of  which  bodies  are  composed,  are  held  together 
bj  the  attraction,  of  cohesion  subsisting  amongst  these  parti- 
cles. Bodies  are  solid,  liquid,  or  aeriform,  according  as  the 
force  of  cohesion  is  modified  by  heat. 

8.  CapiUury  attraction  is  a  peculiar  form  of  cohesion. 
Exp.  1 .  Plunge  the  extremity  of  a  small  glass  tube  in  water :  the  fluid 

rises  within  the  small  bore  of  the  tube. 

Exp.  2.  Place  a  piece  of  lump  sugar  on  a  few  drops  of  water :  the 
fluid  rises  through  the  fine  pores  of  the  sugar. 

CHEMICAL    ATTRACTION,    OB  AFFINITY. 

9.  However  intimately  the  sulphur  and  iron,  in  the  experi- 
ment Art  1  may  be  mixed,  we  can  only  by  this  means  pro- 
duce a  mechanical  mixture  of  the  particles  of  the  two  sub- 
stances; but,  afler  chemical  combination,  there  is  no  trace 
left  of  either  the  sulphur  or  the  iron.  Chemical  affinity  dif- 
fers, in  certain  respects,  from  all  other  kinds  of  attraction.  It 
resembles  cohesion,  inasmuch  as  it  subsists  between  the  par- 
ticles, of  matter  and  holds  them  together ;  but  while  cohesion 
takes  place  between  particles  of  the  same  sort,  afilinity  h  c^x- 
erted  between  the  particles  of  dijQTerent  kinds  of  matter  \  rind 
while  cohesion  produces  no  change  in  the  properties  of  a  ^uh- 
stance,  affinity  is  almost  invariably  attended  with  a  marked 
change  in  the  appearance  and  other  properties  of  the  sub- 
stances forming  the  compound.     All  chemical  changes   are 
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pmhic^  by-  affinhj,  or  chemical  aftrMtioii.  GdmbfiMfidBft-ifiS 
deoompositioti  are  the  results  of  chemical  actknK 

ComhinaHim  takes  place  when  portieles  of  diffiorettl  kinds 
of  matt«r  nnite  aad  fonn  a  new  sabstaaoe. 

Deeompo9iHon  takes  place  when  a  sabstteee  is  resoJ^vd-  iofD 
the  different  kinds  of  matter  of  which  it  is  composed  or  made  ap. 

EXFBBIICSNIS. 

1.  To  a  glass  of  water  add  a  little  oil :  the  oil'  flotttanpan  tha  watai^ 
but  does  not  oombme  with  it.    Water,  therefore,  has  no  affinity  for  oiL 

2.  Add  ammonia  ;  stir  the  mixture  with  a  glass  rod :  the  oil  and  the 
ammonia  combine^  and  fatok  a  soapy  substanoe,  called  a^  fimnMaC^  Qfl 
and  ammonia,  thei«ftire^  ham  an  affinity  ior  each  other.  This  is  »  esaa 
of  simple  combination. 

3.  To  the  soapy  compound  in  the  last  experiment  add  a  few  drapa  of 
solphuric  acid,  (oil  of  vitriol ;)  the  ammonia,  haying  a  greater  affinity 
for  the  sulphuric  add,  quits  the  oil,  and  combines  with  the  add,  Ifanning 
the  sidphate  of  ammonia :  the  oil,  being  set  free,  again  floata  upon,  the 
BurfSuft  This  is  a  case  of  compositianaa  well  as  of  decomposition:  it  ia 
therefbre  an  instance  of  what  is  called  Mingk  el^aUve  afinUy, 

4.  Disstdre  some  aeetate  of  lead  (sugar  (^  lead)  in  a  glasa  of  watea;  * 
add  a  few  drops  of  sulphuric  add :  a  white  compound  of  sulphuric  acid 
and  oxide  of  lead  is  predintated,  or  falls  to  the  bottom  of  the  g^ass. 
This  is  also  a  case  of  single  elective  affinity. 

6.  To  a  solution  of  acetate  of  lead^  add  a  few  drops  of  a  solution,  of 
aiilphaita  of  soda,  (Olauber  salta:)  aulpbata  of  lead  ia  precipitated,  as  in 
the  last  experiment,  and  acetate  of  soda  remains  in  solution.  Here  there 
is  a  mutual  interchange  of  substances :  hence  it  is  caUed  a  case  ddouMk 
elective  affinity, 

I  10.  Compositions,  as  weU  as  decompoftitk>ns,  are  contioa^Iy 
foing  on  ia  the  processes  of  art  and  nature.  A  piece  of  ehalk, 
(carbonate  of  lime,)  heated  to  redness  in  the  fire,  gives  off  a 
substance  called  carbonic  acid  gas^  and  quick  lime  is  left. 
When  diarooal  (the  carbon  obtained  from  wood)  is  bum^ 
away,  the  oxygen  in  the  air  esmbines  with  the  carbon  or  char- 
coal, and  forms  carbocic  acid  gas,  which  is  of  course  thrown 
into  the  air,  and  is  thus  apparently  lost ;  but  there  is  no  such 
thing  as  destruction  or  annihilation  in  nature,  for  substances 

•  When  any  substance  is  dissolved  in  water.  It  is  called  a  solution  of  that 
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can  crAy  cSiange  their  foarm  of  oombiiiatfon*  'When  a  piece 
of  lump  sugar  is  dissolved  in  water,  the  sogar,  although  no 
longer  visible,  is  not  destroyed;  it  has  combined  with  the 
water,  forming  a  solation  of  sngar.  In  like  manner,  we  ^e 
able  to  explain  all  other  ^cfaangea  of  iocpn  whieh  bodies  un- 
dergo aroand  ns. 

}L   X^TUBB  OF  ACn>B  AIIP  ^JMAldm' 

f    SznBBiMBim. 

1.  Add  a  few  drops  of  sulphnric  add  to  a  f^nm  of  water;  tests  the 
dilvted  acid :  it  is  sour  or  acid  to  the  taste.  Add  a  little  of  the  v^gtttaklU 
&^  liquor  of  red  cabbage*  to  a  glass  of  water;  add  a  little  pf  tbe  diluted 
tulpburic  add  to  this  blue  aolutitm :  it  is  changed  to  a  zed  color.  The 
same  experiment  may  be  perfpoped  with  any  other  add. 

Thus  addi  are  tour  to  the  tcute,  and  change  vegetable  blue 
colors  to  red, 

2.  Ammonia,  potassa,  and  soda  are  the  most  eommon  and  important 
alkalifs.  Add  drop  by  drop  of  a  solution  of  ammonia  to  the  red  liquor 
of  the  last  experiment,  until  the  red  color  is  changed  to  a  greenish  blue. 
Taste  the  liquid :  it  is  no  longer  sour  or  add.  Add  now  more  add,  drop 
by  drop,  until  the  red  color  is  restored ;  and  so  on. 

Thus  aXkaUee  neutralize  the  effect  ofaeidsj  and  change  the 
vegetable  Nues  to  green* 

Blue  slips  of  paper,  stained  by  litmu8,t  are  commonly  used  to  ascertain 
when  an  alkali  exactly  neutralizes  an  add. 

3.  To  liquid  ammonia  add  sulphuric  add,  until  a  slip  of  bhie  litmus 
paper,  dipped  into  the  mature^  is  about  to  change  its  odor  to  red.  This 
is  a  solution  «f  julphate  of  ammonia.  Hera  the  sulphnric  add  combines 
with  the  ammonia,  and  ftnns  thesulphate  of  ammonia,  the  name  of  the 
aosnpound  being  formed  so  as  to  indicate  its  oottiposition.  In  like  man- 
ner, csrbffnic  add  united  to  lime  forms  the  compound  of  eaxbooate  of 
hme ;  and  so  on  to  other  cases. 

In  the  same  manner  Tarious  other  salts  may  be  fbnned. 

4.  Takeasmallfaitof  phoqphonui;  setfiretoit  uponapisoeef  glass 

•  This  is  fliaiply  prepu^  by  boiling  eommon  red  cabbage,  out  into  email 
piecee,  for  a  short  time,  in  no  vwfe  water  than  is  JustcuiBcient  to  oorer 
them. 

t  litmus  is  a  yegetable  blue. 
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or  tin  placed  in  the  centre  of  a  common  plate,  and  immediately  oorer  it 
with  a  large  dry  glass.    The  pbospharua»  aa  it  bamB,  combines  with  the 
oxygen  of  the  air,  and  thus  forms  phosphoric  add,  which  rises  in  white 
flakes  within  the  glass,  and  finally  falls  upon 
the  plate  Uke  snow.    These  flakes  have  a  fine 
acid  taste.  After  the  ignition  has  ceased,  pour 
a  little  water  on  the  plate :  this  dissolyes  the 
flakes,  and  a  solution  of  the  add  is  obtained. 

This  add,  combining  with  ammonia,  forms 
phosphate  of  ammonia;  with  soda,  it  forms 
phosphate  of  soda ;  with  lime  it  forms  phos- 
phate of  lime,  (which  is  the  prindpal  com- 
ponent of  bones ;)  and  so  on.  2^.  2. 

6.  Bum  sulphur  after  the  manner  described 
in  the  last  experiment.  Here  the  sulphur,  as  it  bums,  combines  with  the 
oxygen  in  the  air,  and  forms  sulphurous  add,  which  rises,  in  the  fonn 
of  a  colorless  gas,  into  the  interior  of  the  glass.  Put  a  violet  flower  (era 
piece  of  litmus  paper)  into  the  glass :  the  color  is  discharged.  A  httk 
water  poured  into  the  plate  dissolyes  the  gas. 

By  a  peculiar  modification  of  this  process  sulphuric  add  is  made, 
which  is  a  more  powerful  acid  than  sulphurous  add,  in  consequence  of 
containing  more  oxygen. 


SOLUTIONS. 

12.  When  a  substance  dissolves  in  water,  the  substance  is 
said  to  be  soluble,  and  we  obtain  a  solution  of  it  The  solu- 
tion of  bodies  in  liquids  presents  us  with  the  most  simple  case 
of  cliemical  attraction.  Water  readily  combines  with  sugar, 
common  salt,  sulphuric  add,  alcohol,  &c. ;  and,  on  the  contrary, 
it  shows  no  tendency  to  unite  with  oil,  ether,  &c.  Camphor 
readily  dissolves  in  alcohol,  but  it  is  almost  insoluble  in  water. 
The  process  of  solution  is  much  accelerated  by  heat  and  agi- 
tation. In  order  to  obtain  a  concentrated  solution  of  some 
substances,  the  liquid  must  be  boiled  in  a  common  oil  flask  for 
some  time  with  the  substance.  Lime  is  sparingly  soluble  in 
water ;  yet,  if  a  little  lime  be  added  to  distilled  water,  a 
sufficient  portion  will  be  dissolved  to  indicate  the  presence  of 
lime.  Distilled  or  pure  water  should  be  used  for  making 
solutions ;  however,  in  most  cases,  clean  rain  water  will  do 
very  well. 
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ESPBBIMBNTS. 

1.  Add  a  small  piece  of  camphor  to  alcohol  or  spirits  of  wine ;  stir 
the  mixture ;  the  camphor  is  soon  dissolved,  and  a  clear  solutioa  of  cam- 
phor in  alcohol  is  obtained. 

Pour  a  little  of  this  solution  into  a  glass  of  water ;  the  alcohol  unites 
with  the  water,  and  leaves  the  camphor  floating  upon  the  surface. 

2.  Add  a  little  lime  to  a  bottle  of  min  or  distilled  water ;  shake  it 
up ;  and,  after  corking  the  bottle,  set  it  aside  until  the  particles  of  lime 
have  settled  to  the  bottom :  pour  some  of  the  liquid  into  a  glass,  and  a 
clear  solution  of  lime  is  obtained. 

3.  Dissolve  a  little  carbonate  of  potassa  (pearlash)  in  a  glass  of  water; 
a  clear  solution  of  the  salt  is  thus  obtained ;  add  a  few  drops  of  this 
solution  to  lime  water:  it  becomes  milky,  owing  to  the  formation  of  car- 
bonate of  lime.  Hde  the  carbonic  add,  having  a  greater  affinity  for 
lime  than  it  has  for  potassa,  combines  with  the  lime,  and  leaves  the 
potassa  in  solution.  The  carbonate  of  lime  is  said*  to  be  precipitated ; 
that  is,  it  falls  to  the  bottom  of  the  glass,  owing  to  its  being  nearly  in- 
soluble. 

4.  Breathe  through  a  tube  into  a  solution  of  lime :  a  miHdness  is  pro- 
duced, owing  to  the  formation  of  carbonate  of  lime.  Here  caxbcoiilc  add 
gas  is  expired  ftom  the  lungs. 


Section  IL 

familiar  experimental  illustrations  of  the  prop- 
erties and  compounds  of  some  of  the  most  im- 
portant simple  substances. 

^        CARBON.      CARBONIC   ACID   GAS. 

13.  When  wood  is  burned  (as  is  done  bj  the  charcoal 
burners)  in  such  a  manner  as  to  exclude  the  air,  it  is  convert- 
ed into  wood  charcoaly  which  is  nearly  pure  carbon*  The 
diamond  is  perfectly  pure  carbon  in  a  crystallized  form.  Com- 
bined with  other  substances,  carbon  is  found  in  vegetable, 
animal,  and  many  mineral  substances.  When  charcoal  is 
burned,  in  the  air  it  forms  carbonic  acid — a  heavy  gas,  which 
extinguishes  flame,  and  is  destructive  to  animal  life. 
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EsuPEKamrai. 

1.  Put  ionic  pieeeB  of  oholk  (eaxbonateof  luoe)  into  • 
bottle  with  a  wide  mouth ;  add  eulphiuic  acid  (or  egojr 
other  strong  add:)  Tiolent  effervescence  takes  plac^ 
owing  to  the  escape  of  carbonic  jscid  gas  with  the  ibrma- 
tion  of  sulphate  of  lime.  Here  the  sulphniic  acid  unites 
with  the  lime  in  the  chalk,  and  the  carbonic  acid  in  it  ia 
set  free  in  the  fonn  of  gas. 

2.  In  the  last  experiment  the  carbraie  add  gas,  as  it 
IB  formed,  gradually  drives  out  the  air  in  the  bottle,  and 
takes  its  place.  This  gas,  being  coladeBs,  cannot  be  dia- 
tinguished  from  oommon  air  by  the  eye :  its  pnseoc^ 
however,  may  be  detected.  Plunge  a  burning  candle 
into  the  gas :  the  flame  is  instantly  eztinguiahedf  irhik 
the  gas  remains  undianged.  j^,  3/ 

Thus  carbonic  acid  gas  extinguishes  flamCj  and  at  the  same 
time  it  does  not  takefire^  as  some  other  gases  do. 

HTDROOEK.      COMPOSITION  OV  WATEB. 

14.  HydxDgen  is  a  colorlesB,  inflammable  gas,  and  the 
lightest  known  substance  in  nature,  it  being  about  lij-  times 
lighter  than  air.  Water  is  composed  of  hydrogen  and  oxy- 
gen. Hydrogen  also  enters  into  the  composition  of  the  inflam- 
mable or  organic  part  of  plants. 

Experiments. 

1.  Put  a  few  pieces  of  zinc  cuttings  into  the  wide-mouthed  bottle,  (see 
last  fig.  0  pour  upon  them  some  diluted  sulphuric  acid ;  *  the  mixture 
soon  effervesces,  owing  to  the  escape  of  bubbLes  of  hydrogen  gas,  whidi 
gradually  displace  the  air  and  fill  the  bottle.  Cover  theoottle  with  a 
plate,  or  with  a  piece  of  window  glaBs,t  to  prevent  the  external  air  fiom 
jminjgling  wish  the  hydrogen.  When  a  sufficient  quantity  hip  bam 
obtained,  take  off  the  cover,  and  plunge  a  lighted  candle  into  the  g|0  2 
the  flame  of  the  candle  is  extingmsbed,  but  the  gas  t«ikes  flre^  andtnziMi 
at  the  mouth  of  the  bottle,  with  a  pale  yellow  flame. 

*  A  mixture  of  1  part  of  Strang  add  to  about  4  or -6  parts  «f  wmttc 
t  N.  B.  In  all  experiment!  relative  to  ^ases  generated  in  this  way*  it 
must  always  be  understood  that  a  plate,  or  a  piece  of  window  gUaa,  is.to  be 
laid  over  the  mouth  of  the  vessd  for  a  ifim  seconds,  in  order  to  eKolade  llw 
ntemalair. 
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When  hydrogen  is  mixed  with  oommon  air»  the  igintinn  gos  on  nan 
rapidly,  and  always  with  a  digfat  exi^oaion ;  but  the  expeaaHBt  mtj 
be  made  with  perfect  safety  in  the  manner  joat  dcKiibed. 

In  this  e^qieriment,  the  salphnzic  add,  the  ojLjgm  portian  cf  die 
water,  and  the  aine»  cqynbine  and  ferm  the  anlphafr  cf  ti»  oxide  cf 
ainc;  which  renudns  in  solutkm,  while  the  hyJiogen  pcxtian  of  ti» 
water  escapee  in  the  ferm  of  a  gas. 


Thus  hydrogen  hums^  hut  does  not  wppori  flame. 


2.  Generate  hydrogen  in  a  bottle,  as  in  the  last 
experiment ;  and,  after  the  air  hat  beem  driven  out, 
close  the  mouth  with  a  cork,  through  which  ttie  tobe 
of  a  tobacco  pipe  passes ;  light  the  gas  as  it  issues  fiom 
the  fine  opening  of  the  tobe.  Insert  this  small  flame  a 
few  inches  into  a  glass  tube,  about  twenty  inches  long 
and  one  inch  in  diameter.  As  the  hydrogen  bums,  it 
combines  with  the  oxygen  of  the  air ;  thus  water  is 
fenned,  which  corers  the  interior  of  the  tube  in  the 
ferm  of  moisture.  After  a  short  time,  the  tube  emits 
musical  sounds.  These  sounds  are  produced  by  a  series 
of  small  explosions,  caused  by  the  union  of  oxygen  with 
hydrogen,  and  the  formation  of  water.  To  show  the 
ibrmation  of  water,  a  dry  glass  may  be  held  just  abore 
the  flame. 


Fiff.4. 


OXYGEN  AKD  NITROGEN.      THE  ATMOSPHERE. 

15.  The  atmosphere  is  a  mixture  of  oxygen  and  nitrogen : 
there  is  also  a  small  portion  of  carbonic  add  gas  cdwa^ 
present  in  the  air. 

EXPEBIHENTS. 

1.  Put  a  lighted  wax  candle  on  the  table ;  place  over 
it  a  glass  jar,  previously  dried  with  care;  the  candle 
soon  b^ins  to  bum  dimly,  #the  inflammable  substances 
in  it  consume  the  oxygen  of  the  air,  and,  after  a  little 
time,  the  flame  is  extinguished ;  the  interior  of  the  glass 
will  now  be  feund  covered  with  drops  of  water.  Here 
the  candle  is  extinguished,  in  consequent  of  the  con- 
sumption of  the  oxygen,  which,  uniting  with  the  hydro- 
gen and  carbon  of  the  tallow,  forms  water  and  carbonic 
acid  gas.     (See  also  Exp.  4,  Art.  11.) 

2.  Put  a  lighted  candle  (supported  by  a  bent  wire  passing  thioufh  a 
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Fig.  6. 


eork)  into  a  large  bottle;  doee  the  moath  of  the  bot- 
tle :  the  flame  soon  becomes  dim,  and  then  goes  oat,  in 
oonseqaence  of  the  air  bong  no  longer  able  to  suppoit 
combustion.  Take  out  the  candle,  rekindle  it,  and 
plunge  it  into  the  bottle :  the  flame  is  immediately  extin- 
guished. 

If  a  living  animal  were  confined  in  a  close  bottle  after 
the  oxygen  in  the  air  becomes  vitiated,  the  animal  would 
die.  A  second  animal,  placed  in  this  vitiated  air,  would 
at  once  expire. 

3.  Take  a  large  bottle  containing  com- 
mon air ;  place  its  mouth  in  water;  close 
the  nostril  with  the  forefinger  and  thumb, 
and  inspire  and  exjnre  the  air  in  the  bot- 
tle, by  means  of  a  bent  pewter  tube,  for 
a  few  seconds.  At  each  inspiration,  the 
water  rises  in  the  bottle,  and  at  each  ex- 
piration the  water  falls.  Take  the  bottle 
containing  the  air  which  has  thus  been 

vitiated  by  passing  through  the  lungs,  plunge  a  lighted  taper  into  it,  ai 
in  Exp.  2  :  the  flame  is  extinguished.  Here  the  oxygen  of  the  air  is 
consumed  in  the  act  of  respiration,  and  the  vitiated  air  returned  to  the 
bottle  contains  the  nitrogen,  which  was  at  first  in  the  air,  mixed  with 
carbonic  acid  gas.    (See  also  Exp.  4,  Art.  12.) 

In  the  process  of  breathing,  the  oxygen  taken  from  the  air 
is  returned  to  it  in  the  form  of  carbonic  acid  gas ;  thus  one 
great  end  of  breathing  consists  in  depriving  the  blood  of  its 
carbon  or  charcoal. 

Thus  oxygen  not  only  supports  Jlame^  hut  also  animal  life  : 
hence  it  is  called  vital  air. 

4.  Place  a  wire,  supporting  a  small  cup,  on  a  stand 
or  shelf  covered  with  water ;  put  a  smaU  piece  of 
phosphorus  in  the  cup;  ignite  the  phosphorus,  and 
then  invert  a  large  bottle  over  it.  The  phosphorus 
consumes  all  the  oxygen  in  the  bottle,  thereby  form- 
ing phosphoric  acid,  and  leHps  the  nitrogen.  After 
shaking  the  water  in  the  home,  (its  mouth  being  still 
kept  imder  the  water,)  the  water  rises,  occupying  the 
place  of  the  oxygen  which  has  been  consumed.  This 
will  be  found  to  be  about  -^  of  the  air  at  first  in  the 
bottle.  The  residue  is  nitrogen  gas ;  thus  showing  that  \  of  the  bulk 
of  the  air  is  oxygen,  and  %  are  nitrogen. 


Fig.  8. 
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6,  Take  the  bottle  of  nitrogen  (oorering  its  month  with  a  piece  of 
glass)  and  place  it  on  the  table  with  its  month  uppquwat ;  phmge  a 
lighted  candle  into  the  gas :  the  flame  is  extingnished,  at  the  same  time 
the  gas  does  not  take  fixe. 

Thus  nitrogen  neither  gupparts  flamej  nor  does  it  take  Jure  as 
hydrogen  does, 

6.  Put  some  green  leaves  beneath  an  inrext- 
ed  glass  filled  with  water,  and  place  it  in  the 
sunshine :  the  leaves  wiU  be  found  to  give  off 
oxygen  gas.  * 

Thus  plants  give  off  oxygen  gas,  wkUe 
animals  coTisume  it  P*9'  ^• 

7.  Introduce  some  chlorate  of  potassa  in 
powder  (a  salt  which  contains  a  large  quantity 
of  oxygen)  into  a  test  tube ;  apply  the  flame 
of  a  spirit  lamp :  the  salt  is  decomposed  by  the 
heat,  all  the  oxygen  gas  being  given  off;  apply 
the  finger  lighUy  to  the  mouth  of  the  tube^  to 

.  keep  the  gas  as  pure  as  possible ;  plunge  a 
Ugbted  splinter  of  wood  into  the  gas;  the 
flame  is  much  increased  in  brightness ;  befisre 
introduction,  blow  the  flame  out  so  as  to  have 
a  red  spark  remaining :  the  wood  is  instantly 

rekindled,  thereby  showing  that  pure  oxygen  is  an  eminent  sttpportcr 
of  combustion. 

8.  Pour  some  lime  water  into  a  glass,  and  allow  it  to  stand  for  a  few 
hours :  a  skin  of  carbonate  of  lime  is  formed  upon  the  surfiu^.  This 
shows  that  there  is  carbonic  add  gas  in  the  atmosphere. 

▲XMONIA. 

16.  This  gaseous  substance  is  composed  of  nitrogen  and 
hydrogen.  Water  dissolves  a  large  quantity  of  this  gas,  and 
the  solution  is  called  liquid  ammonia,  or  hartshorn.  It  readily 
combines  with  all  the  acids,  and  forms  salts  of  anmionia. 
This  substance  is  invariably  given  off  from  animal  matter  in 
a  state  of  putrefaction ;  the  ammonia  thus  formed  rises  into 
the  air,  where  it  floats  until  it  is  washed  down  by  the  rains  to 
fertilize  the  soiL  It  is  one  of  the  most  fertilizing  substances 
found  in  fium  yard  manure  and  guano. 
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Cxpc&nnutTBa 

!•  Bold  tert  p^er  ora  a  bottle  of  Hquid  ammonia:  a  povBfiil 
alkAline  action  is  ezMbited.  SmeQ  the  ammonia;  it  has  a  strong 
pungent  odor. 

%•  D^  a  ^am  foc  in  ■]ftBoelDOEio  icii^  aod  noid  it  ow  a  bottie 
of  liquid  ammonia:  white  fumee  of  hydzochknte  «f  aniMMa  me 
fomed* 

3.  Take  a  bottle  of  hydrodiloric  add  into  a  hone  staUe ;  take  oat 
the  stopple  of  the  bottle :  white  fumes,  as  in  the  last  ezperiment^  are 
ionned  abont  the  mouth  of  the  bottle. 

4.  Take  two  bottles ;  put  a  little  liquid  ammonia  into  one 
of  them,  tuning  the  bottle  round  so  at  to  spnad  the  auMnnnia 
OTcr  the  interior ;  in  like  manner  introduce  hydrochloric  add 
into  the  other  bottle ;  bring  the  months  of  the  bottles  together, 
as  in  the  annexed  cut :  the  dense  white  fames  of  hydxocfalorate 
of  ammonia  are  produced. 

5.  Ttike  equal  parts  of  faydrochlarate  of  ammnnia  (sd  san- 
moniae)  and  quick  lime,  each  sepaiatdy  powdersd,  and  mix 
than  briskly  together;  the  strong  pnngent  tasei  of  anmani- 
acalgaswillbefblt.  ^'    *' 

6.  Perfonn  the  same  experiment  with  a  miztnxe  of  goano  and  quick 
}{mtt :  ammonia  is  in  this  case  given  off  ftota  the  guano. 

7.  To  a  solution  of  caibonate  of  ammonia  add  a  solution  of  oxalic 
add  until  effervescence  ceases:  a  sohrtion  of  oxalate  ci  ammmiia  k 
(Obtained.  Here  the  add  and  ammwiia  comtiiiie  with  th«  aaoqw  of 
oaiboitfe  add  gaa. 

NITBIC  ACID|  OB  AQUA  FOBTI8. 

17.  This  important  sabstanoe  ifl  a  compound  of  mtrogen 
and  oxygen.  It  is  manufactnred  from  nitre,  (nitrate  of 
potassa,)  a  substance  composed  of  nitric  acid  and  potaasa. 
There  is  reason  to  believe  tJiai  nitric  acid  is  formed  in  the 
air  daring  thander  storms.  Decaying  oa^;anic  aabetaaaea 
containing  nitrogen  yield  this  acid.  Nitric  aekl,  as  weH  m 
ammonia,  supply  the  growing  plant  wiA  nitfogcnu 

THE  ATHOSFHSBB.        ^ 

18.  Tbe  atmogphere  is  thai  vast  ocean  of  elastic  flaid  which 
very  whei«  surrounds  the  globe,  extending  to  the  he%;ht  of 


MXPVKtttXMTAE*  GHXHISTST*  461 

ikboot  fifty  mUefl  tSmve  tlie  tops  of  our  highest  mountaiiis. 
This  subUe,  elastic  fluid  bears  on  its  tide  the  exhalations  of 
the  earth  oTer  every  clime,  descends  to  the  lowest  depths 
of  o«r  Bdines,  and  peneCntes  mto  the  recesses  of  our  darkest 
eai^enM.  AlAoogh  invisible  to  the  eye,  and  akhongh  bodies 
smve  tiiroagh  it  with  a{^MU«nt  ease,  yet  the  Ghemist  has 
weighed  it  in  his  balance,  and  determined  ks  composition  with 
an  exactness  whi<^  challenges  dispute.  Every  where  die 
composition  of  the  air  is  the  same,* — as  far  as  regards  its 
essential  elements,  —  whether  it  be  taken  fixim  the  confined 
alleys  of  oar  crowded  dties^  or  from  the  mountain  tops  over 
i^teh  the  healthful  winds  play  with  unobstructed  freedom. 
Whdds,  air  in  motion,  drive  oar  vessels  through  the  ocean, 
and  perform  useful  labor  in  our  windmills.  The  atmosphere 
is  the  great  agent  by  which  heat  is  nearly  equally  distributed 
over  the  earth,  and  without  its  agency  light  itself  would 
scarcely  serve  the  purposes  for  which  it  is  designed.  By  its 
means  moisture  is  scattered  over  the  vegetable  creation  in  the 
form  of  rain  and  dew ;  and  these  rains  wash  down  Miwfnoniii, 
nitric  add,  and  various  exhalations  essential  to  the  growth  of 
plants. 

The  substances  essential  to  the  constitution  of  the  atmos- 
phere are  oxygen^  nitn^^,  carbonic  add  gas,  and  watery 
vapor.  The  oxygen,  as  we  have  shown,  is  necessaiy  to  the 
existence  oi  the  animal  world,  and  to  the  support  of  combus- 
tion ;  while  the  nitrogen  tends  to  moderate  the  intensity  of 
the  action  of  the  oxygen.  The  comparatively  small  portion 
of  carbonic  acid  gas  in  the  air  affords  an  important  part  of 
the  food  to  the  vegetable  world,  and  the  watery  vapor,  besides 
serving  other  important  purposes,  tends  to  keep  the  skin  of 
animals  and  the  surface  of  plants  in  a  moist  condition.  The 
beautiful  adjustment  of  the  relative  proportion  of  these  sub- 
stances to  suit  the  wants  of  animals  and  plants,  is  a  remarka- 

*  This  arises  from  the  difiusiyeiiess  of  gases,  or  the  tendency  which  they 
have  to  inteimiz  with  e«di  otilker,  without  regard  to  tfadir  difieroice  of 
density  or  heavineiB. 
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ble  instance  of  the  nice  adaptation  of  means  for  the  prodne- 
tion  of  a  proposed  end. 

The  air  is  being  continuallj  supplied  with  carbonic  acid  gas 
from  the  respiration  of  animals ;  from  the  burning  of  wood, 
coaly  and  other  combustible  bodies ;  and  from  all  animal  and 
vegetable  substances  in  a  state  of  decay.  Farm  yard  manare, 
also,  put  into  the  soil  in  a  fermenting  state,  yields  an  abundant 
supply  of  carbonic  acid  gas,  as  well  as  of  ammonia,  to  the 
growing  plant  The  atmosphere,  however,  affords  the  chief 
source  of  carbonic  acid  to  plants,  which,  assimilating  the  car* 
bon,  give  off  the  oxygen  into  the  air,  to  make  up  the  deficien- 
cy produced  by  the  respiration  of  animals.  Guided  by  aa 
unseen  power,  one  part  of  creation  administers  to  the  neces- 
sities of  another  part :  thus  plants  and  animals  are  necessary 
to  each  other^s  existence,  —  the  one  supplies  what  the  other 
consumes,  —  what  is  discharged  as  useless  from  the  one 
becomes  essential  food  to  the  other.  This  remarkable  law  of 
compensation  seems  to  run  through  the  whole  of  the  universe, 
and  a  proper  appreciation  of  its  nature  cannot  fail  in  forcibly 
impressing  upon  our  minds  the  great  and  solemn  fact  —  that 
the  universe  is  the  work  of  a  Being  infinite  in  wisdom,  good- 
ness, and  truth. 

Thus  the  atmosphere,  which  appears  as  nothing  to  the 
vulgar  eye,  is  not  less  essential  to  the  economy  of  nature,  than 
the  solid  matter  of  which  the  globe  is  composed,  or  the  great 
ocean  of  waters  which  float  upon  its  surface. 

BXPEBIMINTB,  WITa  DBSCBIPTIONS  OP  PNBUXATIO  A.PPABATU8. 

1.  Draw  water  into  the  mouth  by  a  tube.  Here  the 
procesB  of  sucking  draws  the  air  from  the  tube,  and  the 
pressure  of  the  external  air  causes  the  water  to  rise  in  the 
tube.  The  pipette,  used  in  many  chemical  experiments, 
depends  on  this  principle.  When  the  finger  is  placed  upon 
the  upper  opening,  C,  the  fluid  in  the  tube  remains  sus> 
pended ;  and,  on  the  contrary,  when  the  finger  is  removed, 
the  fluid  descends  drop  by  drop  from  the  small  orifice  O  of 
the  lower  extremity.  (For  a  complete  account  of  the 
▼azious  mechanical  propertieB  of  the  atmosphere,  see  the  j^,  12, 
TVeatise  on  Pneumatics.) 
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2.  Inyert  a  bottle  F,  filled  with  water,  in  the  same  fluid ;  the  water 
remains  suspended  in  the  bottle  by  the  pressure  of  the  external  air.  Blow 
through  a  tube  gat  into  the'mouth  of  the  bottle ;  the  air  rises  in  bubbles 
through  the  water  and  displaces  it. 

This  explains  the  principle  upon  which  ih<^  pneumatie  trough  depends. 
This  ample  piece  of  chpmiral  apparatus  is  used  for  receiving  difE^rent 


Fig.  13. 


kinds  of  gasses  in  bottles  and  gas  receivers :  it  oonssts  of  a  rectangular 
trough  W  W,  with  the  shelf  b  b,  having  a  funnel-shaped  hole  passing 
through  it,  for  placing  the  bottles  and  receivers  on ;  when  it  is  about  to 
be  used,  water  is  poured  into  the  trough,  so  as  to  cover  the  shelf  to  the 
depth  of  about  an  inch ;  the  mouth  of  the  bottle  intended  to  receive  the 
gas  is  placed  over  the  hole  in  the  shelf,  and  the  beak  of^  the  retort,  in. 
which  the  gas  is  being  fbrmed,  is  placed  immediately  below  this  orifice  : 
the  gas  then  rises  in  the  bottle  and  displaces  the  water. 
In  the  annftYfd  cut,  r  is  the  reCortf  containing  the  mixture  from  which 


Fig,  U. 


the  gas  is  to  be  made,  with  its  beak  placed  below  the  hole  in  the  shelf 
T  the  pneumatic  trough  filled  with  water;  0  the  gas  teooYa-  S  ^ 
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TCloitstandt'wHhiti  ling  snppQrtiiig  thereto^  Aan^^jn^mtf  iM^ivith 
it!  chimney  «,  for  applying  a  steady  heat  to  the  letort  when  it  ia  required 
for  generating  the  gas :  some  gases,  however,  such  as  hydiogen,  fix  ex- 
ample, are  given  off  from  the  materials  in  the  retort  without  the  aid  of 
external  heat. 

N.  B.  In  the  preparation  of  gases  in  this  way,  it  should  be  ohsetvcd 
that  the  gas  which  first  comes  over  is  mixed  with  the  atmospbeiic  air  in 
the  retort ;  hence  a  volume  of  gas  equal  to  about  twice  the  volume  of 
the  retort  should  be  thrown  away  as  impure ;  this  should  especially  be 
attended  to  in  the  case  of  gases  (such  as  hydrogen)  which  detonate  whea 
'  mixed  with  atmospheric  air. 

Gases  may  be  transferred  from  one  vessel  to 
another,  over  the  pneumatic  trough.  In  order  to 
transfer  the  gas  from  0  to  6,  bring  the  lower  edge 
of  0  to  the  mouth  of  6  ;  gradually  depress  the  up- 
per end  of  0  ;  bubbles  of  gas  will  pass  from  0  and 
fill  the  vessel  6. 

When  a  large  quantity  of  gas  is  to  be  made,  the 
jfa$  holder  is  preferable  to  the  pneumatic  trough. 
This  valuable  piece  of  apparatus  consists  of  a  closed 
cylindrical  vessel  A,  and  a  shdf  B,  open  at  the  top,  supported  on  three 
rods ;  a  0  is  a  pipe,  open  at  each  extremity,  reaching  from  the  bottom  of 
the  shelf  to  the  bottom  of  the  cylinder ;  0  6 
is  another  pipe  which  merely  enters  the  top 
of  the  cylinder;  communications  can  be 
opened  by  the  cocks  a  6 ;  d  is  a  cock  through 
which  the  gas  in  the  cylinder  may  be  drawn 
off;  A  is  an  aperture  for  introducing  the 
pipe  which  conducts  the  gas  into  the  re- 
ceiver A ;  /  ^  is  a  glass  tube  opening  into 
the  cylinder  at  the  top  and  bottom,  to  show 
the  quantity  of  gas  that  may  be  in  the  cyl- 
inder at  any  time.  To  fill  the  cylinder  A 
with  gas:  A  is  first  filled  with  water,  which 
is  done  by  opening  the  three  cocks  a,  6,  d, 
closing  the  aperture  A  with  a  cork,  and 
pouring  water  into  the  shelf  B  :  the  water 
runs  through  the  pipes  a  and  b  into  A,  ex- 
pelling the  air  through  rf.  'Wihen  A  is  filled 
with  water,  the  cocks  a,  6,  and  d  tft  dosed, 
and  the  aperture  A  is  opened ;  the  water  re-  Fig.  16- 

mains  in  the  cylinder  A  in  consequence  of 
the  atmospherio  pressure,  just  in  the  same  way  as  vrater  is  sui^ended  in 
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aperture  A;  the  9 

thewitertfaroot^iL    To  fill  a  jv  B  wilk  the 

shelf  B;  open  the  ooeksd  and  «;  tke 

from  the  ficiue  ^ifmliiced  by  theeolaHBaf  V7 

gn  may  tSm  be  tiiiiftiniil  tt— g^  the^etk  A 


19.  This  important  elementaij 
simple  sttle,  in  the  Idand  of  Skilj, 
eoQBtrieB.    It  is  also  Ibimd  in  fwhinaikt  vith 
per,  in  many  parts  of  the  world.    SidpJbniic  ma 
important  compoond  of  snlphnr ;  muted  with 
such  as  lime,  soda,  magneaa,  kc^  it 
are  found  abundantly  in  the  minenl  kingdnm 

1.  Heat  gnlphmr  in  a  tert  tnbe;  the  wt^i^bmr  int 
riaes m  Taper,  which coniimw  in  the  sold  pert cf  tite  tidifc    (Seealn 
Bap.  1,  Alt  U  and  Sspi  S,  ArL  11.) 

3*  To  a eofaitni  of  bvyta  add  en^^faoie  acid;  tibe  white  pwrlpitalff 
cf  aulphate  of  Uvyta  faDs»  irinch  is  not  ilianlfffd.  by  nitrie  add.  Thia 
is  the  best  test  for  the  piaeDce  of  ml^faiiiio  add. 

3.  Put  some  ndpfanret  of  hoQ  ia  a  bottle^  and  poor  some  dihtfed  sol- 
phuxic  acid  upon  it ;  suj^ifaiiretted  hydrogen  gas  is  given  aS,  which  has 
the  smcA  of  rotten  eggs ;  ^  a  s^  of  white  poper  in  a  sdhitinn  of 
acetate  of  lead,  and  suspend  the  paper  in  the  botUe  eontsining  the  gss : 
the  paper  is  rendered  bladL  fiom  tibe  ibrmatian  of  the  solphiiret  of  lead. 

I&iiphunitul  kydrogm^  or  h^^tnniphmne  aeU,  is  hig^y  xnlhamnafale^ 
and  is  much  uaed  ss  a  tert  §at  the  preaeooe  of  dil&rent  lands  of  metah. 
Theftanesof  this  gas  dioiild  be  avoided,  as  it  is  ddsterioiis  to  animal 
life.* 

PHOSPHORUS. 

20.  This  elementary  substance  is  very  inflammable,  and 
therefore  should  be  handled  with  great  caution.    It  has  very 

*  AH  fumes  giTea  off  by  chemic^  action  should  be  carefully  sToided. 
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much  the  appearance  and  consistence  of  wax.    Thoephana 
is  now  universally  prepared  from  bones. 

EXPEBDCBNTB. 

1.  Fold  a  thin  slice  of  dried  photphoras  in  a  pieoe  of  pspcr ;  mb  it 
fariddy  with  any  smooth  body:  the  heat  produced  by  the  fiaction  Read- 
ily ignites  the  phosphorus. 

2.  Write  upon  the  wall  with  a  stick  of  phosphorus,  (wrapped  lomid 
with  a  piece  of  paper ;)  the  writing  appears  luminous  in  the  dark.  (See 
also  Exp.  4,  Art.  11.) 

3.  Phoaphuretted  hydrogen  ga».  —  Put  some  anc  cnttings  and  a  few 
small  slices  of  phosphorus  into  a  glass  tumUer ;  take  the  glass  into  a 
dark  room*  and  add  some  diluted  sulphuric  add :  the  mixture  ^pean 
like  a  weU  ofjhe,  in  consequence  of  the  escape  of  phosphuretCed  hydro- 
gen gas,  which  ignites  spontaneously  when  it  oomes  into  the  air. 


lODIKE. 

21.  This  elementary  substance  is  solid,  having  a  dark  blnish 
color,  with  a  somewhat  metallic  lustre.  It  is  found  in  sea 
water  and  marine  plants.  It  is  highly  soluble  in  alcohol,  but 
is  sparingly  dissolve  bj  water.  Its  most  important  compound 
is  ^dide  of  potassium,  which  is  now  much  used  as  a  medicine. 

0      EXFBBIMENTS. 

1.  Heat  one  or  two  grains  of  iodine  in  a  flask :  the  beautiM  -violet 
Tapor  of  iodine  rises  within  the  flask,  and  slowly  condenses. 

2.  Dissolve  a  wry  tmail  piece  of  iodine  in  water :  the  water  has  a 
brown  color.  To  this  solution  add  a  co2ei  solution  of  starch :«  the  beau- 
tiful blue  compound  of  iodide  of  starch  is  formed. 

3.  Drop  a  small  pece  of  iodine  on  a  few  grains  of  pluxphoras :  the 
substances  combine  with  ignition. 

4.  To  a  cold  solution  of  starch  add  a  few  drops  of  iodide  otfifpotaflsium ; 
no  action  is  produced  :  add  now  a  little  sulphuric  acid  to  set  the  iodine 
free ;  the  blue  iodide  of  starch  is  formed. 

> 
•  Starch  should  be  dissolyed  in  hot  water. 


EXPERIMENTAL   CHEMISTRT.  467 


CHLORINE. 

22.  Chlorine  is  a  greenish-yellow  gas,  (hence  its  name,) 
which  has  a  pungent,  sufTocating  odor ;  it  is  not  inflammable, 
but  in  certain  cases  it  supports  combustion ;  indeed,  some  bodies 
ignite  in  it  spontaneously.  It  combines  with  the  metals,  form- 
ing chlorides ;  thus  common  salt  is  a  chloride  of  sodium.  With 
oxygen  it  forms  acids ;  the  most  important  of  these  is  chloric 
acid,  which,  combined  with  potassa,  forms  chlorate  of  potassa,  a 
Bait  largely  employed  in  the  manufacture  of  lucifer  matches. 
Chlorine  decoys  many  coloring  matters  and  offensive  effluvia. 

EXFERIMENTB. 

1.  Put  a  table  spoonfUl  of  chloride  of  Hme  (common  Ueaching  powder) 
into  a  bottle ;  add  an  equal  bulk  of  hydrochloric  add ;  chlorine,  in  the 
fonn  of  a  greeniah-yeUow  gas,  soon  fills  the  bottle  :  introduce  a  lighted 
candle ;  it  bums  with  a  dull  red-colored  flame  in  the  gas ;  suspend  a 
moistened  dip  of  Uue  litmus  paper  (or  any  other  colored  substance)  in 
the  gas :  the  paper  is  soon  bleached  by  the  gas. 

2.  To  a  mixture  of  common  salt  and  black  oxide  of  manganese  odd 
sulphuric  acid ;  chlqrine  gas  is  given  oif.  This  is  a  highly  conyenient 
way  of  using  chlorine  for  purposes  of  fumigation.  The  chlorine  destroys 
all  noxious  malaria. 

3.  Add  hydrochloric  add  so  as  to  cover  half  a  tea  spoonful  of  chlorate 
of  potassa  in  powder,  in  a  small  bottle ;  chlorine  gas  (mixed  with 
chloroas  add)  is  generated ;  dip  a  slip  of  -writing  paper  into  oU  of  tur- 
pentine, and  introduce  it  into  the  gas :  combustion  immediately  takes 
place.    Perform  the  bleaching  experiment  described  in  Exp.  1. 

Chlorous  add  explodes  with  great  violence,  when  heated 
even  to  a  moderate  temperature. 

4.  Mix  a  few  grains  of  powdered  lump  sugar  with  twice 
the  quantity  of  chlorate  of  potassa ;  let  fall  a  drop  of  sul- 
phuric add  on  the  mixture:  chlorous  add  is  disengaged, 
which  immediately  inflames  the  mixture. 

6.  Carefully  fold  in  a  piece  of  paper  a  little  chlorate  of 
potassa  in  powder,  with  a  small  piece  of  phosphorus ;  strike 
the  mixture  with  a  hammer :  a  loud  explosion  takes  place. 

6.    To  inflame  phosphorus  under  uxUer.  —  Put  some  crys-     

tals  of  chlorate  of  potassa,  together  with  a  few  slices  of  phos-      f^.  i7, 
phorus,  into  an  ale  glass ;  fill  the  glass  with  cold  water ;  let 
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fall  a  few  drops  of  sulphtixic  add,  by  means  of  a  pipette,  on  the  ehknts 
of  potafisa :  the  acid  takes  up  the  potassa  from  the  salt,  and  sets  free  a 
compound  of  chlorine  and  oxygen,  which  inflamfs  the  phosphorua. 


HTDROCHLORIC  AOID. 

23.  Hydrochloric  acid,  or  muriatic  add,  is  a  gas,  composed 
of  hydrogen  and  chlorine ;  it  is  largely  dissolved  by  water, 
forming  common  aqueous  hydrochloric  add. 

EXPEBDCENT.  • 

Add  diluted  sulphuric  acid  to  common  salt,  in  a  bottle ;  hydrobhloDc 
acid  gas  is  given  off  with  effenrescenoe,  and  fills  the  bottle ;  suspend  a 
slip  of  moist  blue  litmus  paper  in  the  gas :  the  color  is  changed  to  red ; 
plunge  a  lighted  candle  into  the  gas  :  the  flame  is  extinguished. 

In  this  experiment  the  acid  decomposes  the  salt,  which  is  a  compound 
of  chlorine,  sodium,  and  water ;  the  hydrogen  of  the  water  unites  with 
the  chlorine,  and  forms  hydrochloric  add  gas ;  and  the  oxygen  of  the 
water  unites' with  the  sodium,  and  larms  soda,  which  comhineB  witJi  the 
sulphuric  add,  and  forms  the  sulphate  of  soda. 


Section  m. 
metj^^s  akd  mbtallic  oxides. 

potassa  and  soda. 

24.  Potassium  and  sodium,  upited  with  oxygen,  form 
potassa  and  soda.  These  important  substances  are  called 
Jixed  alkalieSj  to  distinguish  them  from  ammonia,  which  k 
called  the  volatile  alkali.  (See  Art.  11.)  Potassa  is  iband 
in  the  ashes  of  plants,  and  soda  in  the  salt  of  sea  water. 

EXPEBIMBNTS.  ' 

1.  Throw  a  grain  of  potassium  upon  water ;  it  floats  on  the  water,  and 
takes  fire :  a  solution  of  potassa  is  formed  by  the  union  of  the  oxygen 
of  the  water  mth  the  metal. 
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2.  Bum  Bcme  pieces  of  -wood ;  collect  the  aehes,  and  pour  water  upon 
them  to  dioolve  the  potasBa  which  ia  in  them ;  add  a  aolutioa  of  some 
▼egetaUe  blue :  the  color  JB  changed  to  green. 

3.  Boil,  in  an  iron  vessel,  equal  weights  of  slaked 
lime  and  carbonate  of  potaasa  (pearl  ashes)  in  about 
twelve  times  the  weight  of  water;  the  carbonic 
acid  unites  with  the  lime,  lonning  the  insoluble 
eaibonate  of  lime^  leaving  the  potassa  in  aolution. 
Cover  the  mixture,  and  iJlow  it  to  stand  until  the 
carbonate  of  lime  subsides ;  draw  the  dear  solution 
off  by  means  of  a  siphon.*  When  a  solution  of 
potassa  is  exposed  to  the  air,  it  speedily  takes  up 
caibonic  acid,  and  returns  to  the  state  of  carbonate 
of  potassa. 

4.  To  a  strong  solution  of  caibooate  of  potassa  add  a  solution  of  tar- 
taric acid ;  crystala  of  bitartrate  of  potassa  (cream  of  tartar)  are  finmed 
with  the  esciqpe  of  caibonic  add  gas. 

6.  Boil  nitrate  of  potassa  (nitre)  in  water,  so  long  aa  any  of  the  salt 
is  taken  up ;  decant  the  sdution,  and  as  it  cools,  crystals  of  nitre,  in  six- 
aided  prisms,  are  deposited. 

Soda  ia  fiiund  in  the  ashes  of  sea  weed ;  it  is  also  obtained  from  com- 
mon salt.    The  compounds  of  soda  are  very  sunilar  to  those  of  potassa. 


1, 


Fiff.  18. 
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25.  Chalky  limestone,  tnarble,  lime  shell,  and  calcareoas 
spar,  are  all  compoiinds  of  lime  and  carbonic  add.    Lime 


•  Insoluble  substances,  or  predpitates,  are 
usually  separated  from  liquids  by  filtbation, 
which  eonsista  in  passing  the  liqmd  through  ^^ 
tering  paper  placed  in  a  funnd/;  by  this  pro- 
cess the  clear  liquid  drops  into  die  glass  g,  and 
the  prcdpitate  or  inaduble  substance  remains  on  g 
the  filtering  paper. 

These  fllten  are  Ibnned  by  making  two  folds, 
in  a  round  piece  of  paper,  at  right  anglea  to  each 
other,  and  in  a  contrary  direction;  when  this 
piece  of  paper  is  placed  within  the  frmnd,  it  will  assume  the 
form  of  pt  shown  in  the  cut.  The  liquid  to  be  filtered  should 
be  carefiilly  poured  upon  the  tidea  of  the  filter,  so  as  not  to  in- 
jure the  paper  at  the  bottom  part  Before  use,  the  filter  paper 
sboind be  moistened  with  distincd  water. 
40 


Fig.2Q. 
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forms  an  essential  constitnent  of  all  good  soils.  Mixed  with 
vegetable  or  animal  substances,  it  promotes  their  decay,  and 
at  the  same  time  absorbs  the  noxious  gtfses  that  are  given  off 
Lime  is  an  oxide  of  a  metal  called  calcium. 

EXFEBXMSMTB 

1.  Ezpoie  lime  water,  in  an  open  venel,  to  the  air ;  a  cnist  of  car- 
bonate of  lime  aeon  appears  upon  the  aur&ce.  See  also  ExpeximeBti  2, 
3,  and  4,  Art.  12. 

2.  Pour  hydrochloric  acid  upon  some  pieces  of  chalk,  so  long  as  any 
effervescence  is  seen :  a  solution  of  chloride  of  calcium  is  formed. 

3.  Make  absolution  of  nitrate  of  lime,  by  adding  nitric  acid  to  rhalk, 
after  the  manner  of  the  last  experiment. 

4.  Potir  a  little  of  the  solution  of  chloride  of  caldnm  into  an  ale 
glass,  and  about  the  same  quantity  of  strong  sulphuric  add  into  another 
glass ;  pour  the  latter  quickly  upon  the  former ;  a  violent  effiervesoence 
takes  place  from  the  escape  of  hydrochloric  add:  a  solid  white  sub- 
stance, sulphate  of  lime,  is  formed.  O^dng  to  the  condensation,  great 
heat  is  evolved. 

5.  To  any  solutian  of  lime  add  oxalate  of  ammonia ;  (see  Exp.  7, 
Art.  16  :)  the  white  insoluble  oxalate  of  lime  &11S. 

HAGNESIA. 

26.  This  substance  is  found  in  sea  water,  in  certain  varieties 
of  limestone,  (maguesian  limestone,)  and  other  rocks,  and  in 
manj  spring  waters.  Magnesia  is  the  oxide  of  a  metal  called 
magnesium. 

ExPEBDISinS. 

1.  To  diluted  sulphuric  acid  acid  carbonate  of  magncwa  (a  white 
powder)  until  effervescence  ceases :  a  solution  of  aulphate  of  magnaaa 
(Epsom  salts)  is  obtained. 

Boil  off  or  evaporate  a  pordon  of  the  water ;  *  set  aside  the  aolutuia 
until  It  cools  :  crystals  of  the  salt- will  be  formed. 

2.  To  a  solution  of  sulphate  of  magnesia  add  a  solution  of  carbonate 
of  potassa :  a  white  predpitate  of  carbonate  of  magnesia  is  formed. 

*  Evaporations  are  best  conducted  in  porcelain  dishes,  or,  as  they  are 
called,  evaporating  dishes ;  the  heat  should  be  applied  by  a  sand  bath,  or  kf 
an  Argand  lamp  with  a  tin  or  copper  chimney. 
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This  distinguuhes  Epsom  sslts  fiam  ozaHe  acid,  a  poison  fteqacntly 
miStaken  ftor  the  fonner.  It  is  ftirther  to  be  observed,  that  oxalic  acid  is 
sour  to  the  taste,  whereas  "EpBOta  salts  are  bitter.  Oxalic  acid  is  dissi- 
pated  vhen  thrown  upon  hot  dndera,  whereas  Epsom  salts  leare  a  white 
mass  behind. 

▲LUMIKA. 

27.  This  earth  is  an  oxide  of  a  metal  called  aluminiam ;  it 
abounds  in  common  claj.  It  is  distinguished  by  its  insolubil- 
ity in  water,  and  by  being  dissolved  in  a  solution  of  potassa. 
Alnm  is  one  of  its  most  useful  and  common  compounds.  This 
salt  contains  alumina,  potassa,  and  sulphuric  acid.  Pure  clay 
is  a  compound  of  silica  and  alumina,  in  the  proportion  of  about 
3  parts  of  the  former  to  2  of  the  latter. 

EZFBBDCEZraB. 

'  1.  Add  ammonia  to  a  solution  of  alum :  alnmina  fidls^in  CQnseq[nence 
of  the  ammonia  combining  with  a  portion  of  the  add. 

2.  Perform  the  same  experiment,  using  potassa  or  soda. 

3..  In  a  saturated  solution  of  alum  suspend  a  basket  formed  of  wool- 
len thread :  the  alum  forms  beautiful  crystals  on  the  thread,  thereby 
forming  an  ohm  btuket. 

SILICA. 

28.  This  earth,  like  alumina,  is  very  abundant  in  nature. 
Quartz  is  nearly  pure  silica,  and  it  is  the  chief  ingredient  in 
sand  and  common  flint  Mixed  with  clay,  it  forms  the  great 
body  of  soils.     Silica  is  an  oxide  of  silicon. 

ExFEBDCENTR. 

1.  Ifix  one  part  of  fine  sand  with  three  parts  of  carbonate  of  potassa ; 
fuse  the  mixture  in  a  crudble;  carbonic  add  is  driven  off,  and  tiie  silica 
and  potassa  combine  and  form  a  glass,  called  silicated  potassa,  which 
readily  dissolves  in  water ;  pour  out  the  silicated  potassa  on  an  iron 
plate ;  dissolve  a  portion  of  it  in  water.  This  experiment  is  highly  im- 
portant, considered  in  relation  to  agricultural  sdence. 

2.  To  the  solution  of  silicated  potassa  add  a  solution  of  hydrochlorate 
of  ammonia;  the  hydrochloric  acid  combines  with  the  potassa,  and  the 
silica  is  predpitated. 
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29.  This  valoableinetal  is  fixiiid  in  a  great  variety  offers 
in  nature.  Combined  with  oxygen,  it  is  foond  as  an  ozkle  of 
iron;  with sulpharyiis asolphnietof iron;  with carbonio add^ 
as  a  caibonate  oi  iion. 


1.  FltcesoineiiviffimgsinaMuoer;  BMitleatbemifajmdAytodajv 
vntil  they  beoome  niitf,  or  oxide  of  inm,  by  mtnlwnmg  with  oKygen. 

3.  To  10010  inm  filingi  add  dilutod  snl^ifaiirie  acid:  liydvQgm  gM  m 
fjtrm  9B,  and  a  Mdutkm  of  iroa  (gram  Titnol)  ii  fenaed.  Hm  the 
oxygen  of  the  water  comfaineB  with  the  inm,  fanning  oxide  of  iron* 
which  nnites  with  the  add,  forming  the  sulphate  of  the  oxide  of  ixon» 
or,  ss  it  is  cimply  called,  sulphate  of  iron. 

Decant  the  dear  aoluUon,  evaporate  i^  and  set  it  aside;  when  the 
aolntion  is  cold,  green  crystals  will  appear. 

8*  Add  a  ftw  dropi  of  a  ttRBig  solution  of  sulphate  of  fam  to  finir 
glasses  containing  water :  -— 

I.  To  the  flnt  add  a  solution  of  potassa :  oxide  of  iron  fidls. 
n.  To  the  second  add  a  solution  of  caibonate  of  potassa :  tarfoonate 

of  iionftdls. 
in.  To  the  third  add  a  solution  of  prossiate  of  potassa :  a  fine  blue 
predpitate  of  Prussian  bKue  is  fonned. 

In  these  three  experiments,  the  sulphuric  add  combines  .with  the 
potassa,  and  remains  in  sdution. 

IV.  To  the  fourth,  add  an  infusion  of  galls :  the  black  gallate  of 
iron,  the  substance  which  gives  the  odor  to  ink,  aft^  a  few 
seconds  i^jpears. 

4.  To  a  glass  of  water  add  a  few  dropa  of  ink;  add  oxalic  or  hydxo- 
chlotic  add :  the  cdor  disappears. 

5.  Write  on  paper  with  a  very  diluted  solution  of  mjUfiht&lbe  of  iron ; 
when  dry,  tiie  writing  is  invidble;  wash  it  over  with  a sdut&oa  of  prua- 
siate  of  potassa :  the  writing  qipeais  of  a  fine  blue  color. 

COPPES. 

80.  This  metal  eitf  sts  in  natare  in  its  pare  or  metallic  state ; 
but  it  is  chiefly  found  as  a  sulphoret  of  copper,  (copper 
pyrites.) 
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IBxVBKZMEKTB* 

1.  Heat  eoppflr  for  some  time  in  the  fire ;  suddenly  plunge  the  heated 
copper  into  water:  the  oxide  of  copper  is  ftraied  in  scales  on  the  surface 
of  the  mftftl 

2.  Put  some  slips  of  copper  into  diluted  nitric  acid>  which  is  colorless : 
a  portion  of  the  copper  is  soon  dissolTed  by  the  nitric  acid,  and  a  fine 
blue  solution  of  nitrate  of  ooi^>er  is  formed.  Here.a  portion  of  the  acid 
glives  up  oxygen  to  the  metal,  forming  oxide  of  copper,  which  combineB 
with  the  nitric  add.    Red  Amies  of  nitrous  add  are  given  off. 

By  eraporation,  this  salt  may  be  obtained  in  crystals. 

3.  Into  a  solution  of  sulphate  of  copper  (blue  yitriol)  dip  a  elean  piece 
of  iron :  the  plate  is  covered  with  metallic  copper.  Here  the  copper  is 
precipitated  in  consequence  of  the  iron  imiting  with  the  acid  to  fiom 
sulphate  of  iron. 

4.  Add  two  drops  of  a  strong  solution  of  sulphate  of  copper  to  two 
glasses  containing  water :  these  solutions  will  be  nearly  oolorleBs. 

I.  To  the  first  add  a  drop  oi  ammonia ;  light  blue  oxide  of  copper 
ialls:  add  ammonia  now  in  excess;  the  predpitate  is  re- 
dissolved,  and  the  solution  assumes  a  fine  deep-blue  color. 
This  is  a  very  delicate  test  of  the  presence  of  copper, 
n.  To  the  second  add  carbonate  of  potassa :  light  blue  carbonate 
of  copper  falls. 

5.  Place  a  few  crystals  of  nitnite  of  copper  on  a  piece  of  tin  fbil;  add 
a  iiew  drops  of  water  to  the  crystals,  and  quickly  ibid  up  the  tin  ibil 
round  them:  a  violent  chemical  action  takes  place,  and  the  tin  foil  in- 
flames. 

LEAD. 

81.  The  most  common  native  form  of  lead  ia  sulphuret  of 
lead,  or  galena. 

EXPERXXENIB. 

1.  Heat  lead  in  an  iron  spoon:  it  soon  melts,  and  then  oxidates,  by 
taking  oxygen  from  the  air.  ^ 

2.  Arrange  seven  glasses,  each  oontaimng  a  dfluted  solution  of  acetate 
of  lead,  (sugar  of  lead.) 

I.  To  the  first  add  an  alkali :  the  oxide  of  lead  falls. 

II.  To  the  second  add  carbonate  of  potassa:  the  white  carbonate 

of  lead  (white  lead)  fiOls. 

40* 
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IV.  To  the  fourth  add  hydzochloric  add :  white  chknide  of  ked 

falls. 
T.  To  the  fifth  add  a  few  drops  of  a  solution  of  iodide  of  potas- 
sium :  the  beautiful  yellow  iodide  of  lead  fidls. 

VI.  To  the  sixth  add  a  few  drops  of  the  solutioa  of  ohromjite  of 

potassa :  yellow  chromate  of  lead  falls. 

VII.  To  the  seventh  add  hydroaulphuret  of  ammonia :  the  Uack 

sulphuiet  of  lead  falls.    (See  Exp.  4,  Art.  60.) 

3.  Suspend  a  piece  d  zinc  in  a  moderately  strong  solution  of  acetate 
of  lead :  the  lead  appears  deposited  on  the  anc  in  an  arboresoent  fimn* 
producing  what  is  called  the  lead  tree.  Here  the  anc  takes  the  piace  of 
the  lead«  and  the  latter  is  precipitatied. 

CHROME. 

32.  The  most  common  salt  of  this  metal  is  bichromate  of 
potassa. 

EXPEKDCENIB. 

Arrange  four  glasses,  each  containing  a  diluted  solutioii  of  bichromate 
of  potassa. 

1.  To  the  first  add  carbonate  of  potassa :  it  unites  with  the  ezoeas  of 
acid,  and  yellow  chromate  of  potassa  appears. 

2.  To  the  second  add  acetate  of  lead.    (See  Exp.  2,  Art  31.) 

3.  To  the  third  add  a  few  drops  of  the  nitrate  of  mercury:  the 
orange-colored  chromate  of  mercury  falls. 

4.  To  the  fourth  add  a  few  drops  of  the  nitrate  of  sQver,  (hmar 
caustic :)  brick-red  chromate  of  silver  falls. 

MERCURT. 

33.  This  metal  is  sometimes  found  native  in  the  metallic 
form,  but  it  is  most  commonly  combined  with  sulphur.  This 
metal  is  a  fluid  at  ordinary  temperatures. 

•  ExPSmMBNTB. 

1.  Heat  a  few  grains  of  mercury  in  a  test  tube  over  the  spirit  lamp : 
the  mercury  rises  in  vapor,  and  condenses  in  globules  in  the  cold  part  of 
the  tube. 

2.  Heat  a  little  sulphur,  with  about  five  times  its  weight  of  mercury, 
in  a  test  tube :  close  the  mouth  of  the  tube  lightly  with  the  farefingcr : 
vermilion,  or  bisulphuret  of  mercury,  is  formed. 

8.  To  a  solution  of  chloride  of  mercury  (corrosive  subUmate)  add  a 
few  drops  of  iodide  of  potassium :  a  red  biniodide  of  mercury  fidls. 
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4.  Heat  some  mercury  with  nitric  add;  the  merciay  takes  {aygesi 
from  a  portion  of  the  acid,  and  oombmes  with  the  other  portion ;  and  a 
solution  of  nitrate  of  mercury  Is  formed. 

zmc. 

34  This  metal  is  now  much  used  for  making  water  pipes 
and  spouts. 

EXPEBZMZNTB. 

1.  Take  the  solution  of  sulphate  of  zinc  obtained  by  Exp.  1,  Art.  14  ; 
^aporate  a  portion  of  the  water  off;  set  the  liquid  aside  to  cool :  pria- 
matic  crystals  of  sulphate  of  zinc  fall. 

2.  To  a  solution  of  sulphate  of  zinc  add  a  ftw  drops  <^  ammonia,  (or 
potassa :)  white  oxide  of  zinc  falls.  Add  ^mmfmia  in  excess :  the  pre- 
cipitate is  completely  redissolved. 

3.  To  a  solution  of  zinc  add  a  few  drops  of  the  carbonate  of  ammo- 
nia :  carbonate  of  zinc  falls,  which  is  redissolved  by  an  excess  of  the 
Iirecipitant.  These  two  experiments  form  the  tests  for  the  presence 
of  zinc; 

8ILVEB. 

35.  Silver  is  distinguished  by  its  brilliant  lustre  and  fine 
white  color. 

EXPERDCEMTB. 

1.  To  a  few  small  pieces  of  silver  add  diluted  nitric  add ;  apply  heat 
until  the  add  ceases  to  giye  off  fumes:  a  solution  of  nitrate  of  silver  ia 
obtained;  as  the  solution  cools,  crystals  are  deposited. 

2.  To  a  solutioii  of  nitrate  of  silver  add  potassa :  an  ash-gray  powder 
of  oxide  of  silver  falls. 

3.  To  a  very  diluted  solution  of  nitrate  of  silver  add  hydrochloric 
add :  chloride  of  silver  foils  in  the  fonn  of  a  white,  curdy  substance, 
which  soon  becomes  black  upon  exposure  to  the  light. 

4.  Write  upon  linen  with  a  solution  of  nitrate  of  silver,  and,  when 
the  writing  is  dry,  wash  it  with  a  solution  of  potassa :  the  writing  soon 
beoomes  permanently  black,  owing  to  the  formatkm  of  oxide  of  silver. 

GOLD. 

36.  Thii  metal  is  not  affected  by  exposure  to  the  air,  and 
ordinary  acids  produce  no  action  upon  it 
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1.  Put  Ave  or  six  gold  leavea  into  a  test  tube;  pour  upon  them  a  few 
dxopa  of  a  mixture  of  nitric  and  hydrochloric  acids;  apply  the  Eame  of 
aspiritlamp:  the  gold  leaves  are  diasolved.  Continue  to  apply  a  gentle 
heat,  flo  as  to  expel  any  excess  of  acid :  terehloride  of  gold  remams.  In 
this  process  chlorine  is  set  free  feym  the  hydzocUorio  acid,  and  oombiiieB 
with  the  gold. 

2.  Cover  a  slip  of  glass  with  a  few  diops  of  the  terchkiide  of  gold ; 
apply  the  flame  of  a  spirit  lamp:  the  chlorine  is  expeUedta&d  gold  ia 
kft  upon  the  glasB* 

a.  Put  a  drop  of  chloride  of  mereory  on  a  gold  ring;  with  the  poinft 
of  a  penknife  touch  the  gold  through  the  drop:  a  poamntly  white 
■pot  of  aa  amalgBtt  of  said  is  produced. 

PLATlNUir. 

37.  Thia  metal  is  much  used  fiyr  making  different  kinds  of 
ebemieal  apparatus,  on  account  of  it  being  very  infusible,  and 
scarcely  at  all  acted  upon  by  ordinary  chemical  agents. 

EzPBBUIElfTS. 

1.  Biix  nitric  acid  with  an  equal  bulk  of  hydrochloric  add ;  add  the 
mixture  to  a  few  small  pieces  of  platinum  wire  in  a  Florence  flask ;  di- 
gest, —  that  is,  keep  the  liquid  at  a  slow  boiling  heat,  —  until  the  acid  is 
ncutraUied :  a  soiuckm  of  bichloride  of  platiimm  is  ionaed. 

To  obtain  it  perfectly  fine  from  and,  wtapante  cntioBsly  tcr  drynai, 
and  dissolve  the  residue  in  water. « 

2.  Add  a  drop  of  the  solutioD  of  bichkride  of  platinum  to  a  fjiam  oi 
water ;  into  this  solution  let  fisdl  a  drop  of  iodide  of  potassium :  a  deep 
port  wine  colored  compound  k  immediately  prodncad.  The  delicacy  of 
this  test  is  truly  renuokable. 

3.  To  the  solution  of  faiohlarideof  phtiBum  add  a  sointioa  of  hydro- 
chlorate  of  ammonia:  a  ydlow  precyitate  is  feaned*  a  compoimd  of 
thia  salt  and  platinum. 

Decant  the  liquid,  and  dry  the  precipitate;  put  it  into  the  bowl  of  a 
tobacco  pipe,  and  bring  it  to  a  good  red  heat  in  the  fire :  metallic  plati- 
num, in  a  spongy  state,  is  left,  the  other  substances  having  been  ex- 
pelled by  the  heat. 

4.  Hold  the  spongy  plarinum  belfare  a  stream  of  hydrtgen  gas :  the 
metal  soon  becomes  red  hoty  and  the  gas  is  ignited. 
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Section  IV. 

BOCTRINB  OF  EQUIYALSMTS.      CHEMICAL    N0MKNCLATT7BB, 
8THB01«S,  ETC. 

3^  When  bodies  combine  with  each  other,  it  ia  alwajs  in 
certain  fixed  or  definite  proportions ;  that  is,  the  same  com* 
ponad  sttbstanoe  alwajs  contains  the  same  elements  coml»ned 
in  a  constant  proportion :  thus  water,  tdiatever  may  be  its 
quantity,  or  however  generated,  consists  of  8  parts  of  oxygen 
to  1  part  by  weight  of  hydrogen :  thus  1  part  of  hydrogen, 
combines  with  16  parts  by  weight  of  sulphur,  to  form  sul- 
phuretted hydrogen :  thus  1  part  of  hydrogen  combines  with 
6  parts  by  weight  of  carbon,  to  form  carfooretted  hydrogen, 
(olefiant  gas.)  The  numbers  representing  the  proportional 
weights  in  which  bodies  combine  are  called  their  cketmcal 
equivalents. 

Taking  1  as  tKe  combining  equivalent  of  hydrogen,  8  will 
be  the  combining  equivalent  of  oxygen,  16  that  of  sulphur, 
and  6  that  of  carbon.  Moreover,  while  8  and  6  repres^it 
the  proportional  numbers  in  which  oxygen  and  carbon  xe- 
spectively  combine  with  hydrogen,  these  numbers  also  repre- 
sent the  proportion  in  which  oxygen  and  carbon  combine* 
with  each  other  or  with  any  other  substances :  thus  8  parts  of 
oxygen  combine  with  6  parts  by  weight  of  carbon,  to  form 
carbonic  oxide.  But  this  is  not  all :  when  the  same  bodies 
combine  in  more  than  one  proportion,  the  proportional  num- 
bers representing  each  successive  compound  are  multiples 
(or,  it  may  be,  submultiples)  of  those  in  the  first  compound. 
This  law  ia  exhibited  in  the  following  examples :  — 

Compounds  of  Carbon  and  Oxygen. 


itebonic  oxide 

Proportkni          Proportioii 
€f  Carbon.         of  Oxygen. 
6         +          8       » 

14 

6        +         W       « 

22 
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Oompounds  of  Nitrogen  and  Oxygen. 


Wfm  II    M    H        J  1  ■   ■■                                         W^^  «  M    11  ^  I  il  ^ 

iToporuoii          rroporaoa 

of  Nitrofen.         ci'Oxygtn. 

Protoxide  of  nitrogen     - 

-        14         +.          8       ^ 

22 

-        14          4.          16        e= 

30 

Hyponitzous  acid   - 

-14          +          24        r= 

38 

Nitrousadd-        -.     - 

-       14         +         32       = 

46 

Nitric  add     -        -        - 

-14         +        40      = 

64 

The  equivalent  of  a  compound  body  is  the  sum  of  the 
equivalents  of  its  elements :  thus  the  equivalent  of  carbonic 
oxide  is  14,  this  nimiber  being  the  sum  of  6  and  8 ;  thus  the 
equivalent  of  nitric  add  is  54,  this  number  being  the  sum  of 
14  and  40. 

39.  The  following  table  contains  a  list  of  the  names  of  the 
elementary  substances,  so  far  as  they  are  at  present  known, 
with  their  symbols  and  combining  equivalents.  Those  sub- 
stances printed  in  Italics  are  rare,  and  of  comparatively  little 
importance. 


T(Me  of  EquivalenU 

and 

Symhoh  of  62  Stmph 

Substances. 

Byni* 

H. 

0. 

N. 

CI. 

Niiine. 
Hydrogen 
Oxygen     - 
Nitrogen  - 
Chlorine   - 

Bqulf 
1 
8 

-  14 

-  36 

Sym. 

AL 

Fe. 

Cu. 

Pb. 

Name. 
Aluminum 
Iron 

Copper     . 
Lead        - 

EqaiT. 
14 

-  28 

-  32 

-  104 

C. 

Carbwi      - 

6 

Zn. 

Zinc 

. 

-       33 

I. 

Iodine 

126 

Cr. 

Chrome  - 

. 

-       28 

s. 
r. 

F. 

Sulphur    - 
Fluorine    - 

16 
16 
18 

Hg. 
Ag. 
Au. 

Silver      . 
Gold       . 

- 

-  100 

-  108 

-  100 

Br. 

Bromine    - 

78 

PI. 

Platinum 

- 

-       08 

B. 

Boron 

10 

Sn. 

Tin 

. 

-      68 

Se. 

Selenium  - 

40 

Co. 

Cobalt     . 

- 

-       30 

Aa. 
Si. 

Arsenic     - 
Silicon 

76 
8 

Mn. 

Ni. 

Manganese 
Nickel     - 

- 

.       28 
.       30 

K. 

Na. 

L. 

Ca. 

WBtkJA 

Potassium 
Sodium    - 
Lithium   - 
Calcium  - 

- 

- 

40 

24 

6 

20 

Ba. 

Sr. 

Mg. 

Sb. 

BL 

Te. 

Barium    - 

Strontium 

Magnesium 

Antimony 

Bismuth 

-  68 

-  44 

-  12 

-  128 

-  108 

-  64 
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gym. 

Num. 

ISqtdr. 

Sym. 

Nmim. 

S«ldT. 

V. 

- 

68 

D. 

- 

? 

U. 

Urtmium 

. 

60 

Ln. 

Lanthanium 

- 

-       48 

Mo. 

Molybdenum 

- 

48 

Ce. 

Cerium    - 

- 

-      46 

Tn. 

Tungtt&n 

- 

94 

Y. 

Yttrium 

- 

-      82 

Ti. 

TUaniiim 

. 

24 

Tb. 

Terbium 

- 

? 

Cm. 

Columbnan 

- 

184 

E. 

Erbium  - 

- 

? 

Nr. 

Niobium 

- 

? 

Cd. 

Cadmium 

- 

.      66 

Pe. 

Pelopium 

- 

> 

Pd. 

Palladium 

- 

-      64 

No. 

JVoTwm 

- 

? 

R,   . 

Rhodium 

. 

.      62 

O. 

Glueinum 

. 

26 

Os. 

Osmtum 

- 

-     100 

Zr. 

- 

34 

Ir. 

Jridnum 

- 

-      98 

Th. 

Thorium 

. 

60 

Ra. 

Buihenium 

- 

.      62 

The  arrangement  of  the  elementary  substances,  in  thia  table,  is  merely 
adopted  to  suit  the  order  observed  in  the  other  portions  of  this  work. 

40.  The  first  letter  or  letters  of  the  Latin  name  of  a  sim- 
ple substance  is  taken  as  its  symbol ;  and  the  symbol  of  any 
substance  always  represents  its  combining  equivalent.  Thus 
O  stands  for  one  equivalent  of  oxygen  ;  20,  or  Oj,  stands  for 
two  equivalents  of  oxygen,  and  so  on.  Compounds  are 
expressed  by  the  equivalents  of  simple  substances  which 
enter  into  their  composition :  thus  sulphuric  acid  is  composed 
of  one  equivalent  of  sulphur  and  three  equivalents  of  oxygen : 
the  symbol  of  sulphuric  acid,  therefore,  is  S  -f-  O3,  or  more 
simply  S0»  and  the  combining  equivalent  =  3  X  8  -f- 
16  =  40. 

The  sign  of  equality  (=)  is  used  to  express  an  identity  of 
eomposttiany  but  not  always  an  identity  in  the  farm  of  the 
arrangement  of  the  elements. 

The  names  given  to  compound  substances  are  such  as  to 
indicate  their  elementary  composition. 

Compounds  containing  oxygen  are  called  acids  or  oxides^ 
according  as  they  do  or  do  not  possess  acidity.  Thus  an  oxide 
of  iron  contains  oxygen  and  iron.  The  termination  %c  is 
added  to  the  name  of  a  substance  when  it  becomes  an  acid : 
thus  we  have  sulphurtc  acid,  which  is  a  compound  of  sulphur 
and  oxygen.  When  the  substance  forms  two  acids,  that  which 
contains  the  smallest  port|9n  of  oxygen  terminates  in  ous; 
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thus  we  have  sulphurotM  acid.  Hie  termination  ttret  indicatea 
the  combination  of  one  simple  substance  with  another :  thus  we 
have  sulphured  of  iron,  which  expresses  a  compound  of  sul- 
phur and  iron.  Degrees  of  oxidation  are  sometimes  expressed 
by  Greek  or  Latin  pi%fixes :  thus  protoxide  expresses  the 
first  degree  of  oxidation,  i^'noxide  the  secoDd,  teroidde  the 
third,  and  so  on.  The  highest  degree  of  oxidation  is  usoallj 
expressed  /Mroxide.  When  an  acid,  whose  name  ends  with 
an  tc,  forms  a  salt,  its  name  terminates  with  an  aie  *  thus 
nitnc  acid  forms  a  mtra/«  /  while  a  sulphurous  acid  forms  a 
Bulphito  ;  and  so  on  to  other  cases. 

EXBBCIBBS  OK  THS  UsB  OT  OrEVICAL  FoSMUL^ 

41.  One  of  the  greatest  advantages  of  chemical  formule 
is,  that  they  enable  us  to  represent  chemical  combinations  and 
changes  with  such  clearness  and  precision. 

1.  1  eq.*  water  »  l  eq.  hydrogen  +  1  eq.  ozygai 

=  H  +  0,orHO, 
«s  1  +  8  «  9. 

2.  1  eq.  carbonic  acid  ess  l  eq.  carbon  +  2  eq.  oxygen 

=  C  -f  O2,  or  COj, 
a  6  +  2  X  8  a  22. 

3.  1  eq.  mtiio  add  ==  1  eq.  nitrogen  +  5  eq.  oxygen 

=  N  4-  O5,  or  NO5, 
s=  U  +  6  X  8  s=  64. 

4.  1  eq.  potaaaa  =s  1  ec^  potassium  +  ^  ^«  oxygen 

«  K  +  O,  or  KO, 
a  40  +  8  »  48. 

5.  1  eq.  carbonate  of  potassa  =  1  eq.  potassa  +  1  eq.  caxbanic  add 

=  KO  +  COa^ar 

KO  COfc 
B  48  +  22  «x  70. 

6.  1  eq.  ammonia  ==  1  eq  nitrogen  -f  8  eq.  hydrogen 

=rN  +  Ha,orNB„ 
«=  14  +  8  X  1  «  17. 

•  Eq.isi»edataaaft1ixmriaa90f  thewotd«?ii»««dM. 
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7.  lei|.hTdiodlaDe«id»lci|.kfteim-hl«i.d 

»H  +  CVarH£]. 
=  14.36  =  31. 

8.  leq.liydioclilgBiterf  I      i  iii"  =X^4-BO 


9.    le^tjehkriterfplrt— i  =  Pl-haCI,< 

=  M  +  1X  3S=17«. 

=  C»+0»«rCiO^ 

=  M  +  a  =  2a. 

11.  leq-enboBHetf  fiBK  =  CUO-s-€a^«rCMOCXIW 

=  »-s-a=«i. 

12.  ThtmakMkm^sf.%,AxuU,mm§ammmz^ 

1  e^  enboBUe  of  potHB -f-  la|  Sae 
=  KOCO^-;.C^O 
=  KO  +  CiOC(V 

Here  KO,  or  pofeHHi.  KMM  K  MkitiMW  «i  CUD  €0^  « 1 
of  limc^  it  pre^ititBd. 


Here  ZnO  80^  or  Hlflirifc  rf  onie  if 

tlie  fajdiogeo.ie  ^itblobI 

14.    TheseCkniBEip  l«Jlit  ISciia 

1  tti»  s^uiueUonr  aoA  "^  1  o%>  ci 
sHCl+C^JCOr 
=  CeCl  H-  BO  -r  COp- 
Hoe  CaCl  +  HO.  or  ciaocde  if 
CO»  or  carinie  aeidL  V  9»eB  iC 

16.    T1ieactiaAiB£sfLl«jliS.MCJiai 

=  MfO  £0^  -^  KO  CO^ 

Here  HgO  COW  «  «■)»««  ^    ii»iinu  Mb^  Ml  JU>  MW  « 
ra^ihtteaf 
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16. 


17. 


I  eq^  BiMte  ef  cc^iper,  or  nitrate  of  the  oadds  of  cagpSp 
s=  1  eq.  oxide  of  copper  4-  1  eq.  nitric  add 
s  CuO  +  NQb,  or  CuO  NO5. 


The  action  in  Bzp.  3,  Art.  86*  is  » toiOofm :  — 

1  eq.  nitrate  of  the  oxide  of  silver  -f- 1  cq.  hydrochkric  add 

=  a«o  no,  +  Hca 

B:NOf  +  HO+AgCL 

Here  NO5,  or  nitrio  add  ¥dth  water*  remains  in  flplutieny  and  Affile 
or  chloride  of  silyer,  £bUs. 


Section  V. 

EXPERIMENTS   CONDUCTED    ON  A  LARGER  SCALE,  OB  WITH 
A   MORE  COMPLETE  APPARATUS. 


OXYGEN  —  O. 

42.  PrBparation, — To  obtain  oxygen  pure,  the  substance  which  anp- 
pMea  h  is  placed  m  a  retort  or  tube,  and  exposed  to  heat ;  when  fas  is 
evolved,  it  must  be  collected  over  water,  either  in  the  paBteumatie  tiDu^ 
or  in  a  gas  holder.    (See  pages  463  and  464.) 

43.  Oxygen  obtained  Jrom  bktck  oxide  of  mcmganete,  — "nils  substance 
is  used  by  itself  when  huge  quantities  of  the  gas  are  required.  The 
oxide  is  introduced  into  an  iron  bottle,  to  the  mouth  of  which  an  iron 


Fig,  21. 

tube  a,  is  adapted,  and  luted  or  plastered  over  with  ooimnon  pipe  clay, 
made  into  paste  with  water^  The  extremity  of  this  tube  is  luted  to  a 
Aeadble  tube  6»  the  outer  end  of  which  is  inserted  into  the  water  of  a 


txprnaawEXTAis  CHsmffTsr.  488 

gOBfaoMer.    Tbe  boMie  ii  platsed  vpon  ft  good  fire.    TTIini  llii  ■iip 
neae  attains  a  red  Iwi^  it  ghrei  cff  a  potun  tf  IIb  OKjgoi.  vImIi  nm 
witfain  tlio  gOB  Uddr 

Tlie  dumiad  chaagBi^diidk  lake  five  in  «■ 
in  the  fiiUofwiiig  famnlr :  — -* 

2  eq.  laiMiiiilp  of  aMDgMiae 
=  2MnO,  ^  lEoPf  =  JIiiA  +  O. 

Hare,  after  the  proccgs  is  coBipiftffd,  Hafi^  or  i 
noe,  remaiiis  in  the  reCort.    The  gaa  i 
watery  in  order  to  absorb  any  caibonie  Mid.  gaa  •laili  it  aa^ 

44.   Om^ffm  oUamed  fiom  dUbnafe  ^^atecM.— Mix 
parts  of  cMonrte  of  potasM  and  black  oxide  of  i 
intradnee  the  mixture  into  a  t 
the  flame  of  a  qiirit]amp» 
and  reoetre  the  gaa  in  the 
gas  holder^  or  ufte  pnematie 
troogh. 

If  only  a  sniau  quantity 
of  the  gas  is  wanted,  the 
mixture  may  be  introduced 
into  a  large  test  tnbe^  bar- 
ing a  cork  petibrated  by  n  fif. 
bent  exit  tube^  as  in  the  ammffd  caL 

The  decompositioa  is  z^resented  by  tibe  ftOowing  1 

1  eq.  cfakrate  of  potaan 
s=  1  eq.  poCaasa  +  1  eq.  chksieadd 
=  KO  +  C10sr=:Ka  +  (V 

Here  the  heatnaohres  the  chknte  of  potaasa  infta  KCI,  or  ddorideof 
potassium,  and  Q|»  or  6  eqs.  of  axygen.  The  aBaDgneae  m  the  — ^■*— t 
merely  aids  in  )uBtpm%  a  steady  hert. 


vm  QxTosv. 

1.  Inteodnee  a  Galled  t^er  into  a  bottle  tfdis  0Bi:  deikrae  la 
IncKased  in  ^$se  and  btinSaacy.  latrediiceacaadlewithaflnoiildcr- 
ittgsnnff:  ftbarstaintoikrae.    (8eeKg.23.) 

2    Put  some  pounded  charcoal  on  a  cop  attadwd  to  a  wire  paarfng 

a  cork ;  beat  Ae  aiarcoal«  orcr  a  spirit  hnnp^  to  rtoneai , 

it  into  the  gaa :  the  charcoal  g^ows  with  great  brightness,  and 

bunts  into  flame.    Here  the  product  of  combostkm  is  oprbomc  acid  gas. 

(See  Fig.  24.) 

8.  Iiufn  piioBjyiiBi'us  in  the  aaaaie  inannfrs  it  biiiBS  wiwi  great  splcndw* 
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4.  Bum  fulphur  in  the  same  manner :  it  boms  with  a  beautifiil  bine 
flame* 

5.  Roll  a  piece  of  fine  Bted  wire  in  a  spiral  An  loimd  a  glass  tnbe : 
fix  one  extremitj  of  the  wire  in  a  cork,  and  to  the  other  extremity 


Fig,  23 


Fig.  2^, 


Fig,  25. 


attach  a  piece  of  cotton  wick  dipped  in  tndted  sulphur ;  ignite  the  wide, 
and  plimge  it  into  a  bottle  of  oxygen :  the  wire  takes  fire,  and  bums 
with  beautiful  scintillations.  The  product  of  oombustkm  in  thia  case  is 
oxide  of  iron.  To  prevent  the  bottle  from  breaking,  the  bottom  should 
be  covered  with  sand.    (See  Fig.  25.) 

6.  Introduce  some  dark-colored 
yenous  blood  into  a  bottle  of  oxy- 
gen: the  blood,  upon  being  sha- 
ken, soon  acquires  the  florid  color 
of  arterial  blood. 

7.  Project  the  oxygen  from  a 
gas  holder  on  the  flame  of  a  spi^t 
lamp:  great  heat  is  produced. 
Hold  a  small  piece  of  chalk  or 
lime  before  the  flame:  the  light 
of  the  lime  is  brilliantly  white 
and  intense.    Bum  a  piece  of  watch  spring  in  the  flame ;  ftc 

8.  Take  a  large  piece  of  charcoal,  and  make  a  small  bole  in  it ;  hold 
this  part  of  the  charcoal  over  a  lamp  until  it  becomes  red  hot ;  drop  a 
small  cast  iron  nail  into  the  hole;  hold  the  heated  charcoal  before  a 
stream  of  oxygen  (issuing  firom  a  jet  with  its  oriflce  turned  downwards :) 
the  charaoal  bums  rapidly ;  the  nail  becomes  white  hot,  then  frises,  and 
flnally  bums,  giving  off  a  brilliant  shower  of  ignited  sparks  of  the  metaL 
This  is  one  of  the  most  beautiful  ezperimentB  in  the  whole  range  of 
chemistry. 

Various  othor  metals  may  be  ignited  in  the  same  manner. 
7A«  common  mouth  blowpipe.  —  This  consists  of  a  brass  tube,  haTing  a 
very  small  orifice  or  jet  at  one  end,  for  projecting  a  small  constant  stream 


Fig.  26. 


of  nr  upon  the! 

oone  oontainrng  i 

sheet  of  flame  «•  vhoe  the  < 

ozjgeii  of  the  ar.     Wbea  ve 

blow  throng  thk  fbonc^  hfmeimm 

of  the  blowpipe^  the  dbe^HliBcei 

are  oompletdy  dianged ;  i»  n  tits 

Bccood  figmc^  comaine  a  pu»«ilal 

flame;  haTiiig  oombiatifale  gves 

in  ezcen;  this  portioB  m  cdkd 

the  deoxidising  or  nedueimf  Jkm^ 

for  it  depiirei  wihitanfw  of  Aor 

oxygen ;  a.  in  the  seoond  figm^  J^  ZT. 

is  a  flame  where  the  oKypen  fB»- 

ponderates ;  this  poitiaB  is  called  iSbtt  msadSsimg  JImmm,  §m  Jl  i 

cates  oxygen  to  the  sninlanir  hestad  in  il. 

When  a  meCal  is  to  be  bnn^  to  she  tfaie  ^  ananadc^  il  is 
the  **xi4^*^riT?g  i 

lie  states  it  is  placed  in  the  i 
powerfnl  heat  is  produced  at  dae  apes 

Inunngthe  month  Uuwpipf^  the  i 
the  power  of  keeping  vp  a  eonitaal  i 
mouth  into  a  bag  of  air;  while  al  dae  i 
nostrils.  The  manner  of  doing  tihis  ii 
trials,  however,  he  win  see  that  it  is  posaUe  todo  aeu 

E^taimtmt. — Flaeeoneertwog^mnsof  osadeof  lead  OaduKgt)  tmm. 
|rieceofcharooa],and  hold  the  anihitanrr  intheaedKing  flaase*;  the 
metallic  lead  ii  pndneed  in  the  fiam  caf  a  twiTllnif  f^abmie;  being  the 
globnle  to  the  oxidising  flame  «;  tibe  metal  ii  oxiifiaed,  and  preseads  a  dnll 
appearance.    Taiions  other  mctah  m^  be  treated  in  the  ssme  manner. 

The  peculiar  action  of  the  flame  of  the  Uowppe  eonatitDtas  a  nnnt  in- 
teresting and  nae&l  d^artmcnt  of  c 

UTVWOGEXL 


45.  Ptn^aratiam. — This  gss  is 
and  dilntpd  snlpjinijc  acid.  Put  aome  anc  cnttuig^ 
snlpfanric  acid,  and  about  five  times  the  qaaoHtfai 
water,  into  a  retort  r,  (aee  Fig.  14,  page  453,)  or^ 
intoabottk&,  withthebenttidiel;  great  heat  is  pro-' 
duced  by  the  nuxture  of  the  nod  and  water,  and  the 
gas  is  eopionsly  evolTed,  which  may  be  receiyed  orer 
water  in  the  pnenmatir  Izoo^  or  in  the  gas  bolder. 
(6eeEzeBcisel3,Ast.4L)  i^ ». 
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BlBHUMSMTB  VtTK  HYBBOOSlf. 

1.  InTert  a  jar  of  hydrogen  over  a  candle;  the 
flame  at  the  candle  is  eztrnguiahed*  but  the  gas 
bonis  at  the  mouth  of  the  yesaeL  In  this  way  the 
gas  takes  some  time  before  it  is  buxned  away. 

2.  Ignite  a  jar  or  bottle  of  hydiogen,  haying  the 
mouth  of  the  Teasel  uppermost ;  in  this  case  the  gas 
boms  nmdk  mare  qoiokly  away,  in  consequence  of 
il8  great  lightness  as  compared  with  the  air. 

8.  Introduce  the  gas  into  a  jar  a,  haying  a  gas 
burner  ff,  and  stop  cock  e ;  open  the  cOck,  and  at  the 
same  time  depress  the  jar  in  the  water;  Ignite  the 
gas  as  it  issues  fiom  the  small  orifice  ^;  the  gas 
boms  with  a  pale  yellow  flame,  which  giyes  off  a 
great  deal  of  heat. 

Hold  a  dry  glass  tumbler  oyer  the  flame : 
water  is  deposited. 

Bepeat  Exp.  2,  Art  14. 

4.  Mix  in  a  strong  bottle  1  measure  of  hy- 
drogen with  2i  or  3  measures  of  common  air ; 
apply  the  flame  of  a  candle  to  the  mouth  of  the 
bottle :  the  mixture  detonates  with  a  ooDsid- 
erable  report. 

6»  Fill  a  bladder  with  this  gas  from  a  capped 
receiyer  at  the  pneumatic  trough,  as  exhibited 
in  the  annexed  cut,  or  from  the  gas  holder ; 
adQust  a  oonmian  tobacco  pipe  to  the  stop  oock» 
and  blow  soap  bubbles  by  giying  a  gentle  pres- 
sure to  the  bladder :  these  soap  bubbles,  being 
filled  with  hydrogen,  are  lighter  than  the  air, 
and  they  ascend  in  the  atmosphere  like  little 
balloons.  Bring  the  flame  of  a  candle  in  con- 
tact with  one  of  these  hydrogen  bubbles :  it 
explodes. 

6.  Fill  a  small  balloon  with  hydrogen,  or 
common  street  gas,  and  load  it  with  a  light 
paper  car,  so  as  to  keep  it  suiq)ended  in  the  air. 

7.  Throw  a  stream  of  hydrogen  on  spongy 
platinum.    (See  Exp.  3,  Art  37.)    To  in- 
sure the  success  of  the  experiment  the  plat- 
inum should  be  preyiously  heated  to  redness 
before  the  spirit  lamp. 

8.  Mix  oyer  the  pneumatic  trough  a  por- 
tion of  oxygen  with  twice  its  yolume  of  hy^ 


JV-29. 


Fiff.  31. 


Fig.Z2. 
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fill  a  common  soda  water  bottle  fuH  with  the  mixed  gaaes;  ti^ 
ply  the  flame  of  a  taper :  the  gasea  detonate  with  a  loud' report. 


Composition  of  Water, 

46.  It  has  already  been  explained  that  water  is  composed  of  8  parts 
by  weight  of  oxygen  and  1  part  of  hydrogen.  Now,  oxygen  is  exactly 
16  times  heavier  than  hydrogen ;  hence  it  follows  that  there  must  b6 
double  the  quantity  by  volume  of  hydrogen  to  form  water.  The  com- 
position of  water  may  be  determined  in  two  ways :  first,  by  ayttths' 
m,  or  by  bringing  the  elements  together;  second,  by  anah/ait,  or  by 
separating  the  elements  from  each  other. 

Synthesis.  —  Introduce  the  mixed 
gases,  2  volumes  or  measures  of  hy- 
drogen and  1  volume  or  measure  of 
oxygen,  into  a  strong  graduated  tube 
(Yolta's  Eudimometer)  having  two 
wires  nearly  meeting  each  other 
within  the  tube  at  the  top ;  pass  an 
electric  spark  through  the  mixed 
gases  by  means  of  a  charged  Leyden 
Jar,  as  shown  in  the  annexed  cut : 
the  gases  combine  with  ignition,  wa- 
ter is  formed,  and  a  complete  vacuum 
18  produced,  which  is  filled  up  by  the  ascent  of  the  water  in  the  trough. 

Analysis,  —  Two  equal  tubes,  O  and  H,  filled 
with  water,  are  inverted  over  the  two  poles  of 
a  galvanic  battery ;  when  the  battery  is  put  in 
action  the  water  is  resolved  into  the  two  gases ; 
the  oxygen  rises  in  the  tube  O  placed  over  the 
positive  pole,  and  the  hydrogen  into  the  tube 
H  placed  over  the  negative  pole.  As  the  analy- 
sis proceeds,  it  will  be  seen  that  the  volume  of 
the  hydrogen  is  always  double  that  of  the 
oxygen. 

47.  Water  is  also  decomposed  by  pasang  a 
current  of  steam  through  an  iron  tube  partial- 
ly filled  with  iron  fiUngs,  and  kept  at  a  red 
heat  by  a  furnace.    In  this  cut,  r  represents 

the  retort  in  which  the  water  is  being  boiled ;  <<  the  red  hot  tube  passing 
through  the  furnace  F :  the  bent  pipe  b  conveys  the  hydrogen  gas  into  a 
jar  e  standing  on  the  shelf  of  a  pneumatic  trough  T.  In  this  interesting 
experiment  the  steam  pasoDg  over  the  heated  iron  is  decomposed;  the 


Fig,  34. 
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faon,  taking  vp  Ihe  oxygen,  becomes  an  oadde  of  iitm,  and  the  hydrogen 
Is  disengaged. 


Fig.  35. 

Ignition  of  the  Mixed  Gases.      Oxtf^ydrogen  Bowpipe. 

48.  The  simplest  manner  of  showing  the  intense  heat  generated  by 
the  ignition  of  mixed  gases  is  as  follows : 

The  hydrogen  is  formed  in  the  bottle  6,  the 
cork  of  which  is  perforated  by  two  tubes ;  a 
is  a  funnel-shftped  tube,  for  the  purpose  of 
supplying  sulphuric  acid  as  it  is  required ;  i 
is  a  bent  tube  conreying  the  hydrogen  for 
ignition ;  *  r  is  the  tube  with  a  stop  cock 
and  jet,  conveying  a  stream  of  oxygen  from 
m  gas  holder  on  the  hydrogen  flame.  The 
various  experiments  described  in  Art.  44 
may  be  tried  with  this  flame. 

49.  DanieVs  blowpipe.  —  In  this  appara- 
tus a  common  tube  b  receives  the  two  gases  contained  in  the  bladdess  H 


Fig.  36. 


Fig.  37. 

and  O,  provided  with  stop  cocks.  The  hydrogen  is  first  ignited,  and 
then  the  pressure  upon  the  bladder  containing  the  oxygen  is  r^ulated 
so  as  to  produce  the  maximum  heating  eflect  on  the  flame. 


*  This  is  an  excellent  arrangement  for  making  hydrogen,  as  well  as  sul- 
pburetted  hydrogen,  when  large  quantities  are  required. 
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60.  The  ibUawing  economical  apparatus,  answering  the  double  pur- 
pose of  a  gas  holder  and  an  oxy-hydrogen  blowpipe,  has  been  buocess- 
fully  used  by  the  author  of  this  work.    In  the 
annexed  cut,  r  represents  the  gas  receiver;  < 
a  shelf  which  screws  on  at  6;  0  and  e  stop 
cocks,  as  in  the  ordinary  gas  holder,  (seep.  464  ;) 
A  ^  a  jet  filled  with  wire  gauze  at  the  thick  part 
A ;  p  an  aperture  for  recdving  the  beak  of  a  re-    ,    w  osJ    T*     i' 
tort  \  nk9k  bent  pipe  passing  into  the  interior      ^      ^^^"v..    0* 
of  the  receiver  r;  k  i  a  flexible  tube,  which  ^   \  ^^ 

screws  on  at  ^  and  fonns  a  connection  with  a 
bladder  containing  the  mixed  gases ;  /a  fimnd 
with  a  tube  and  ctop  cock  for  screwing  on  at  ^ 

k.    The  tubular  portion  d  6  is  about  ]  inch  in- 
ternal diameter  and  2  inches  in  length.    When  jj^-  33^ 
the  apparatus  is  to  be  used  as  an  oxy-hydrogen 

blowpipe,  water  is  introduced  into  the  receiver,  so  as  to  stand  at  the  level 
d;  the  orifice  at  6  is  closed  by  means  of  a  cork,  and  the  bladder  con- 
taimng  the  mixed  gases  is  screwed  on  at  k;  the  safety  jet  A  y  is  screwed 
on  the  stop  cock  e;  upon  pressure  being  applied  to  the  bladder,  the 
mixed  gases  rise  through  the  water,  and  filling  the  space  d  6,  pass 
out  in  a  strong  stream  through  the  jet  ^,  and  are  there  ignited.  This 
arrangement  is  perfectly  safe,  for  in  the  event  of  I9ie  flame  passing 
along  the  safety  tube  A,  we  can  only  have  an  explosion  of  the  gases  con- 
tained in  the  small  chamber  d  6,  the  only  effect  of  which  would  be  to 
blow  out  the  cork  in  the  orifioe  6,  as  the  large  body  of  water  in  r  most 
effectually  cuts  off  all  oommunication  with  the  gases  in  the  bladder. 
When  the  apparatus  is  to  be  used  as  a  gas  holder,  the  shdf  j  is  screwed 
on  at  6,  the  funnel/ at  A,  and  gases  are  received  and  transmitted  in  the 
same  manner  as  in  the  ordinary  gas  holder. 

AnciyM  of  Aimosphtric  Air  hy  the  Detonation  of  Hydrogen 
in  Volia*8  Eudiometer. 

51.  Mix  over  the  pneumatic  trough  2  volumes  of  atmospheric  air  and 
1  volume  of  hydrogen ;  introduce  a  small  portion  of  this  mixture  into 
the  eudiometer  tube  (Art.  46)  so  as  to  occupy  16  divisions  of  the  tube; 
detonate  by  the  electric  spark  :  after  detonation  the  gas  only  occupies  9 
divisions  ^  the  tube ;  that  is,  6  parts  have  disappeared,  in  consequence 
of  all  the  oxygen  having  combined  vrith  a  portion  of  the  hydrogen  to 
form  water.  Now,  the  gaseous  mixture  in  the  tube  contained  10  parts 
of  air  and  6  of  hydrogen ;  and  since  water  is  composed  of  1  volume  of 
oxygen  and  2  volumes  of  hydrogen,  (me  third  of  the  diminution  must 
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gifa  the  quantity- of  oocygen  ia  tbe  10  tohmteiaf  «r  ei^gitelljr  In  fbe 
tube;  that  ii»  2  toIubmb  of  oxygen  hare  diuppened ;  but  2  ia  one  fifth 
of  10 ;  therefive  one  fifth  of  atmospheiic  air  is  ooEygen,  end  the  remaining 
four  fifths  are  nitrogen :  henoe  in  100  toIubmb  of  air^  80  aie  oxjgm  wmd, 
80  are  nitrogen. 

NITROOEX  AND  ITS   COtfPOUirDS  WITH  OZTOEIT. 

53.  For  the  preparation  and  pvopeHka  of  »itiogcn«  aea  A^  lit  «>& 
Expa.  4  and  5. 

Protoxide  of  Nitrogen  —  KO. 

This  gaseous  compound  is  fiuniharly  known  by  the  name  of  the  hapi* 
Ut^  ga»t  tnm  the  ludicrous  effect  whieh  it  has  upon  peraons  who  leQiire 
it  This  gas  is  not  inflammable,  but  it  supports  oombuslian  with  greater 
brilliancy  than  common  air. 

PreparoHon.  —  Introduce  some  crystals  of  nitrate  of  ammonia  *  into 
a  large  retort;  ^ly  the  heat  of  an  Aigand  lamp  hanring  a  copper  ftue» 
to  giTe  steadiness  to  the  flame:  at  a  temperature  of  400^  the  salt  fiaeSk 
and  then  gires  off  the  gas  in  great  abundance*  which  may  be  xeceiTcd  ia 
the  gas  holder  filled  with  wtrm  water,  as  cold  water  largely  absorbs  the 
gas.  It  should  stand  for  two  or  three  hours  orer  a  little  wfter,  to  ab- 
sorb any  fames  o^nitroos  acid  that  may  be  formed  m  the  proeesa.  The 
whole  of  the  salt  is  renlTed  by  heat  into  this  gas  and  water,  asibolm 
by  the  ftUowing  symfaola:  — 

1  e(}.  nitnrte  of  ammonia 
s=  1  eq.  ammonia  -f*  1  cq.  nxtrio  acid 

»  Hs  +  Oa  +  Ns+  Ofl « 3HO  +  WO. 

Hence  it  appears  that  1  eq.  of  nitrate  of  ammonia  yields  8  eq.  of  wa- 
ter and  2  eq.  of  the  protoxide  of  nitrogen. 

EXPERIMENTB. 

1.  Plunge  a  burning  candle  into  a  bottle  of  this  gasr  the  flame  ia 
much  increased  in  brilliancy  in  oonseqnenoe  of  the  large  quantiky  of 
oxygen  which  the  gas  contains. 

*  To  prepare  this  salt,  add  carbonate  of  ammonia  hi  powder  to  nftrle  acid 
diluted  with  about  three  parts  of  water  until  efierrescence  ceases ;  eTaporoie 
the  solution  until  a  drop  of  the  liquid  let  fall  upon  a  cold  plate  beoonwa  a 
solid  mass.  A  little  ammonia  should  be  added  towards  the  dose  of  the  pnn 
ocas  to  render  the  salt  perfectly  alkaUne. 
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2.  Introduce  a  large  splinter  of  wood  haying  a  glowing  red  spaik  into 
this  gas :  the  flame  is  rekindled,  as  in  the  case  of  oxygen  gas. 

3.  Transfer  this  gas  from  the  gas  holder.into  a  damp  bladder  hairing 
r  wide  wooden  mouth  piece ;  place  the  mouth- 
piece between  the  teeth  of  the  person  who  is 
to  inhale  the  gas ;  let  him  close  his  ndetriJa 
with  his  fore  finger  and  thumb,  and  then  let 
him  breathe  the  gas  in  the  bladder:  Taiious 
effects,  more  or  less  ludicrous,  are  produced  ^*  39. 

upon  persons  inhaling  the  gas.    All  kinds  of 

apparatus  should  be  removed/  for  they  are  liable  to  be  ix^jured  by  the 

inhaler ;  or  better,  let  the  inhaler  be  out  doors. 

Binoxide  of  Nitrogen  —  NOj. 

This  compound  is  a  colorless  gas,  similar  in  appearance  to  oomznon 
air :  it  is  sparingly  absoibed  by  water. 

PrepartUum.  —  Put  some  copper  cuttings  into  a  retort,  pour  nitric 
acid  upon  them,  and  then  add  about  an  equal  quantity  of  water :  *  brisk 
effervescence  takes  place  without  the  aid  of  heat,  and  the  gas  may  be 
coUected  over  water  in  the  pneumatic  trough. 

The  decomposition  is  represented  by  the  following  formulee :  -^ 

4  eq.  nitric  acid  -t>  3  eq.  copper 
»  4N05     +  3Cu 
=  NOaOs  +  3NO5  +  3Cu 
=  NO,       +  3(CuO  +  NO5) 
s=:  binoxide  of  nitrogen  +  3  nitrate  of  the  oxide  of  copper. 

EXPEBIXENTS." 

1.  Transftr  a  bottle  of  this  gas  over  the  pneumatic  trough  into  a 
sinnlar  bottle  nearly  filled  with  common  air ;  red  fumes  of  nitrous  acid 
(NO4)  are  instantly  formed,  which  are  soon  absorbed  by  the  water. 
This  constitutes  a  characteristic  property  of  the  binoxide  of  nitrogen, 
and  it  is  used  in  this  way  to  detect  the  presence  of  free  oxygen. 

2.  Plunge  a  piece  of  burning  phosphorus  into  a  bottle  of  this  gas : 
the  phosphorus  continues  to  bum. 

3.  fium  a  mixture  of  this  gas  and  hydrogen,  (see  cut  to  Exp.  Z0  Art 
45  :)  the  mixed  gases  bum  with  a  green-colored  flame. 

4.  Transfer  a  bottle  of  binoxide  of  nitrogen  to  a  cup  containing  a  so- 
hition  of  sulphate  of  iron :  the  solution  becomes  black. 

•  The  diluted  add  should  have  a  specific  gravity  of  12. 


493 


HJITURAL  AJXD  EXPERIMEKTAL  PHU.080PHT. 


Nttrie  Acid—NOi. 

For  the  leading  propertieB  of  tlus  acid,  see  Art  17. 

Prtparaium,  —  Mix  equal  weightB  of  nitrate  of  potassa  (nitre)  and  oil 
of  Titziol  of  commeroe  in  a  retort ;  heat  the  retort  over  a  chauffer  a, 
containing  heated  chaxooal.  (a  sand  bath  or  an  Aigand  hunp  would  an- 
swer the  piupoie  equally  as  well-:)  nitric  acid  distils  orer,  and  is  oon- 


damti  in  the  liquid  fyrm  in  the  receirer  c,  kept  cool  by  a  stream  of 
water  piooeeding  from  a  jar  d.    The  stream  of  water  tnay  be  conveniently 
supplied  from  a  funnel  having  its  tube  partially  closed  by  a  piece  of  rag. 
The  decomposition  is  as  follows :  — 
S  eq.  snlphuxio  acid  +  water  +  1  ^-  nitrate  of  potassa 
=  SO,  +  2H0  +  KO  NO, 
«K02S0,  + HO  +  NO,  +  HO 
sa  bisulphate  of  potassa  and  water  -f- 
nitric  add  and  water. 

Distillations  of  any  kind  are  conTeniently  eSected  by  means  of  Lw- 
big^s  condensing  tube. 


Fiff,  41. 


Th-liouid  to  be  distilled  is  placed  in  the  retort  r.  t'^-^:-^  -  --«ldent 
i;.^noli6dtoboiltheUquid:  the  yapor,  as  it  p  ^ 


hasttf 


applied 


r 
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is  condensed  by  the  cold  kept  up  in  the  condensing  tube  S  f  F,  and  the 
liquid  dxops  into  the  receiver  R.  The  construction  of  this  condensing 
tube  is  exceedingly  ingenious :  <  is  a  wide  tin  tube ;  F  a  funnel  passing 
into  it  for  the  purpose  of  supplying  cold  water ;  S  a  siphon  for  carrying 
off  the  hot  water ;  a  glass  tube  passing  through  this  tin  tube  is  connected 
with  the  beak  of  the  retort  and  the  receivei^  R ;  this  glass  tube  passes 
through  perforated  corks  inserted  at  each  end  of  the  tin  tube  t.  Now, 
this  glass  tube  is  continually  surrounded  by  cold  water  t  for  while  cold 
water  is  being  supplied  by  the  fiumel  F,  the  water,  as  it  becomes  heated, 
rises  within  the  tin  tube,  and  is  carried  off  by  the  siphons. 

ExperimenL  —  Heat  ^tly  some  oil  of  tuipentine  in  a  porcehdn  basin ; 
pour  suddenly  upon  it  a  mixture  of  one  part  of  sulphuric  add  and  two 
parts  of  nitric  add :  combustion  takes  place,  with  the  evolution  of  a 
dense  smoke.  In  order  to  avoid  acddent,  the  mixed  acid  shoidd  be 
poured  from  a  bottle  tied  to  the  end  of  a  stick. 

CA.BBON,  SULPHUR,  AND  PHOSPHORUS,  THEIR  COMPOUNDS 
WITH  OXYGEN  AND  HYDROGEN. 

Carbanic  Oxide  —  CO. 

53.  This  is  a  colorless  gas ;  it  is  the  gas  that  bums  with  a  blue  flame 
at  the  top  of  a  coke  or  charcoal  fire. 

Prepwration.  —  Mix  pounded  oxalic  add  with  sulphuric  add  in  a 
retort,  and  apply  heat :  carbonic  oxide  and  carbonic  add  gases  are  given 
off,  which  may  be  recdved  over  the  pneumatic  trough.  By  allowing 
the  gases  to  stand  over  water  for  a  few  hours,  or  by  agitating  them  with 
lime  water,  the  carix)nic  add  gas  is  absorbed,  and  the  carbonic  oxide  is 
left  pure.  Oxalic  add  may  be  regarded  as  a  compound  of  carbonic 
oxide  and  carbonic  add  with  water ;  thus :  — 

1  eq.  oxalic  add  =  C^O,  +  water  s=  CO  +  COf  +  water.  Now, 
the  sulphuric  add  combines  with  the  water,  and  sets  the  two  gases  free. 

Experiment.  —  Plunge  a  lighted  taper  into  a  bottle  of  this  gas :  the 
taper  is  extinguished,  but  the  gas  bums  at  the  mouth  of  the  bottle  with 
a  beautiful  blue  flame :  thus  earbonio  oxide  ia  %f\fiammabht  hut  it  doee 
tuft  eupport  combustion. 

Carbonic  Acid — C0|. 

64.  PrepairtUum.  —  Cazfoonic  add  gas,  being  more  than  1}  times  heav- 
ier than  common  air,  may  be  prepared  suflicientiy  pure  by  the  following 
process.    The  gas  is  generated  in  the  bottie  h  (see  Exp.  1,  Art.  13  ;)  a 
bent  tube  bed  passes  through  a  cork  5,  and  descends  to  the  bottom  of 
42 


Fisf.ii. 
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the  open  bottle  il:  ai  the  gM  enten  the  bottle 
d,  the  oommon  air  ia  diqplaoed.*  A  little  expe- 
rience will  readily  enaUe  the  ezpeiimenter  to 
ascertain  when  the  bottle  is  filled  with  the  gas. 

When  this  gas  i»  receired  oTer  the  pneumatie 
trough,  the  water  should  be  warm ;  ftr  carbonie 
acid  gas  is  Ingely  absorbed  by  oold  water. 

BzpSBXMBina. 

1.  Invert  a  jar  or  bottle  of  the  gas  over  a  burning  candle :  the  gas  by 
its  gravity  falls  upon  the  candle,  and  extinguishes  the 
flame. 

2.  Place  a  burning  candle  in  an  open  Jar;  take  a 
bottle  of  carbonic  add  gas,  and  pour  it  into  the  jar : 
the  flame  is  extinguished.  This  shows  that  carbonic 
acid  gas  is  much  heavier  than  common  air. 

a.  Pour  some  lime  water  into  a  bottle  containing 
this  gas :  carbonate  oi  lime  is  formed :  shake  the 
liquid,  and  it  becomes  clear,  in  consequence  of  the 
caibonate  of  lime  being  soluble  in  an  excess  of  car- 
bonic acid.  In  this  way  lime  is  dissolved  in  spring 
water. 

4.  Add  a  little  water  to  a  bottle  of  the  gas ;  shake  the  bottle ;  the 
water  takes  up  the  gas,  and  acquires  decided  add  properties ;  add  a  little 
aoluUon  of  litaaus :  the  blue  is  changed  to  red. 


Fig,  43. 


CarhuretUd  Hydrogen  —  CHy  * 

66.  This  gas  is  fanned  in  marshes  and  stagnant  pools ;  it  is  but  little 
more  than  half  the  we^ht  of  eommon  air ;  it  is  highly  inflammable*  and 
forms  the^tf  damp  of  the  miners.  When  ooal  is  heated  to  redness^  it  is 
resolved  into  tarry  matter,  and  certain  gaseous  oompounds  of  caibon  and 
hydrogen,  containing  about  seventy  per  cent,  of  caibaretted  hydrogen. 

ESFEBIMBXTB. 

1.  Invert  a  bottle  filled  with  water  in  a  stagnant  pod;  hasert  a  fim- 
nel  into  the  bottle  to  catch  the  gas ;  stir  up  the  bbttom  of  the  pool  with 
a  stick:  bubbles  of  carburetted  hydrogen  gas  rise^  which  are  eaaly 
recdved through  the  funnd.  Ignite  the  gas  thus  obtained:  it  bums 
with  a  ydlow  flame. 


•  Oases  which  ve  lighter  than  the  air,  such  as  anmonSaeal  gas,  may  be 
recdved  in  bottles  with  their  mouths  inverted. 
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2.  Ifiz  1  measure  of  this  gas  with  7  or  8  of  common  air,  in  a  bottle ; 
apply  the  flame  of  a  candle :  the  gas  explodes  with  some  violence.  Mix 
1  measure  of  the  gas  with  3  or  4  measures  of  air,  and  ignite  the  gases  : 
they  bum  without  explosion. 

3.  Put  some  pounded  coal  into  a  test  tube,  fitted  with  a  cork  and  the 
stem  of  a  tobacco  pipe ;  apply  the  flama  of  a  spirit  lamp :  gas  is  disen- 
gaged, which  may  be  inflamed  as  it  issues  fipom  the  small  orifiee  of  the 
pipe. 

i.  The  flame  of  a  candle  is  produced  by  the  ignition  of  carburetted 
hydrogen  gases.  Bring  one  extremity  of  a  tube, 
about  I  of  an  mcb  in  diameter,  into  the  centre  of 
the  flame  of  a  candle :  the  gases  rise  up  the  tube, 
and  may  be  ignited  as  they  escape  at  the  upper  end. 
This  experiment  also  shows  that  flame  is  hollow. 

66.  The  Davy  ftiinp.  ^  Carburetted  hydrogen 
occurs  in  coal  pits,  from  the  decomposition  of  the 
coal,  wher#  it  sometimes  explodes  by  coming  in 
contact  with  flame ;  and  thus  melancholy  accidents 
take  place.  The  Davy  lamp  is  designed  to  prevent 
these  explosions. 

Experiment, — Take  a  piece  of  fine  wire  gauze: 
flame  of  a  lamp ;  the  flame  does  not  pass  through  the  gauze, 
the  flame,  and  ignite  the  smoke  as  it  ziaes  thzough  the  gauze : 
does  not  descend  belofw  the  gauze. 


Fiff.  44. 
hold  it  across  the 
Blow  out 
the  flame 


Fig.  45.  ,        Fiff.  46. 

This  experiment  exhibits  the  principle  upon  which  the  Davy  lamp  is 
constructed :  the  metal,  being  a  good  conductor  of  heat,  cools  down  the 
temperature  of  the  inflammable  matter  in  contact  with  it,  and  ther^y 
extinguishes  the  flame  on  the  side  opposite  to  the  burning  body.  The 
Davy  lamp  simply  consists  of  a  lamp  surrounded  by  wire  gauze  to  pre* 
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▼ent  flame  extending  from  the  interior  of  the  lamp  to  the  adjaoeut  ait- 
moq[>here» 

Olefiant  Gas,  or  Heavy  Garburetted  Hydrogen  —  C4H4. 

67.  This  gas,  owing  to  its  lUuminating  power,  is  the  most  Tahiable 
constituent  of  street  gas.  It  contains  a  larger  quantity  of  carbon  than 
the  light  carburetted  hydrogen.  Ck>al  gas,  when  well  prepared,  contafiKi 
about  12  per  cent,  of  olefiant  gas. 

Preparation,  -^  Mix  one  part  of  alcohol  with  6  cor  6  parts  of  snlpliazie 
add  in  a  retort ;  apply  the  heat  of  an  Argand  lamp :  the  gas  comes  o^er 
in  great  abundance,  which  may  be  received  over  water  in  the  pnenmatifi 
trough. 

EXPBRIMXNTB. 

1.  Plunge  a  lighted  candle  into  a  bottle  of  this  gas :  the  flame  of  the 
candle  is  extinguished ;  but  the  gas  buxn«,  at  the  mouth  of  the  bottlev 
with  a  fine,  brilliant  flame. 

2.  Bum  this  gas  in  a  capped  receiver.    (See  cut  to  Exp.  3,  Ait.  45.) 
8.  Mix  8  volumes  of  oxygen  with  1  volume  of  olefiant  gas  in  a 

■trong  common  soda  water  bottle;  ignite  the  mixed  gases:  a  violent 
exploeion  takes  place,  carbonic  add  and  water  beuig  ibrmed :  thus  we 
have 

defiant  gas  and'oxygen 
=  CA  +  O,  =s  2C0,  +  2H0. 

1.  Mix  2  measures  of  chlorine  T^th  1  measure  of  olefiant  gas  in  a 
bottle;  introduce  a  lighted  candle :  the  gases  bum  with  a  red  flam^ 
with  a  copious  deposition  of  lampblack,  thereby  showing  that  olefiant 
gas  contains  carbon. 

Sulphuroui  Acid — SO^ 

68.  This  acid  may  be  procured  in  a  pure  state  by  boiling  in  a  retort 
sulphuric  add  with  copper  cuttings :  the  gas  may  be  received  by  dia- 
placement,  as  in  Art.  64.  The  action  is  represented  by  the  IbUowing 
symbols:^ 

2  eq.  sulphuric  add  +  ^  eq.  copper 

=  2S0,  +  CXI 

=  SOi  +  CuO  SO, 

aa  sulphurous  add  -f*  sulphate  of  oxide  of  copper. 

By  passing  a  current  of  the  gas  through  water,  a  solution  of  sulphur- 
ous add  is  obtained.  It  unites  with  bases,  forming  sulphites.  The  gas 
is  used  in  bleaching  woollens 
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Sulphuric  Acid — SOj. 

59.  TIhs  valuable  acid  ia  made  by  the  manu&cturar  on  a  large  scale, 
by  burning  sulphur  in  a  furnace,  where  nitric  add  is,  at  the  same  time, 
farmed  by  the  decomposition  of  nitrate  of  soda  by  means  of  sulphmic 
acid :  the  sulphurous  and  nitric  acids  pass  into  a  succession  of  leaden 
chambers  containing  a  portion  of  water,  to  dissolve  the  sulphuric  acid,  as 
it  is  being  formed  by  the  nitric  acid  giving  up  a  portion  of  its  oxygen. 
In  the  annexed  cut,  a  represents  the  furnace  in  which  the  sulphurous 
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Fig.  47. 

and  nitric  acids  are  formed ;  6  6  the  leaden  chambers  containing  some 
water.  The  sulphur  is  spread  over  the  bottom  of  the  furnace,  and  the 
nitre  is  placed  in  the  cup,  shown  in  the  cut.  The  second  chamber  com- 
municates with  a  high  chimney,  for  creating  a  draught,  and  also  for 
carrying  off  the  surplus  vapors. 


Stdpkuretted  HydrogeiiyOr  Jlydrosulphuric  Acid — HS. 

60.  Preparation,  —  Heat  sulphuret  of  antimony  in  a  retort,  with  4  or 
5  times  its  weight  of  hydrochloric  acid,  and  collect  the  gas  over  warm 
water  in  the  pneumatic  trough,  (or  by  displacement,  as  in  Art.  54.)  As 
the  bottles  are  filled  with  the  gas,  they  should  be  speedily  removed  and 
dosed.  • 

The  action  is  represented  in  the  following  symbols :  — 

1  eq.  sesquisulphuret  of  antimony  +  3  eq.  hydrochloric  add 
=  Sbi^  +  3HC1 
=  3HS    4-  SbiCl, 

SB  3  eq.  sulphuretted  hydrogen  +  1  eq.  sesquichloride  of 
antimony. 

EXPEHIMENTB. 

1.  Invert  a  jar  of  this  gas ;  apply  a  lighted  match :  the  gas  bums 
with  a  pale  blue  flame  with  the  deposition  of  sulphur. 

2.  Four  a  few  drope  of  strong  nitric  add  into  a  bottle  of  this  gas^ 
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and  immediatelx  close  the  mouth  with  the  thumb,  protected  by  a 
of  paper :  an  ezploeion  takes  place  with  the  deposition  of  sulphur. 

8.  Generate  the  gas  in  a  flask  fitted  with  a  cork  and  bent  tube 
ing  into  a  aoltttlon  of  arsenious  add«  (arsenic  of  com- 
merce :)  an  orange-ook>red  precipitate  is  formed  of  a 
sulphuret  of  arsenic.    Sulphuretted  hydrog^  is  much 
used  in  this  way  as  a  test  for  metals. 

4.  IVansmit,  as  in  the  last  experiment,  a  current  of 
the  gas  through  liquid  ammonia :  a  solution  of  hydro- 
aulphuret  of  ammonia  \s  formed.  This  solution  is 
much  used  as  a  re-agent. 


/Vy.  48. 


Phosphuretted  Hydrogen —  VH^^ 


61.  Experiment  1.  —  Put  some  thin  slices  of  phosphorus  into  a  small 
retort,  and  fill  it  completely  with  a  mixture  of  Kme  and  warm  water; 
insert  the  beak  of  the  retort  in  a  Tessd  containing  warm  water;  boil  the 


Ptip^ 


Fig.  49. 


mixture :  hubUes  of  phosphuretted  hydrogen  gas  are  given  off,  whic^ 
escaping  into  the  air,  ignite  spontaneously,  and  form  beautiAil  rings  of 
smoke. 

2.  Invert  a  test  tube  filled  with  water  over  the  beak  of  the  retort  in 
which  the  gas  is  being  formed :  the  tube  is  soon  filled  with  the  gas. 
Observe  that  the  gas  is  colorloBs  and  transparent  like  common  air ;  cover 
the  mouth  of  the  tube  with  the  fore  finger,  and  transfer  the  gas  into  a  jar 
of  oxygen  standing  on  the  shelf  of  the  pneumatic  trough ;  the  bubbleB^ 
as  they  rise  into  the  jar,  catch  fire,  giving  a  splendid  flash  of  light. 


CHLORINE  —  Q. 

62.  Preparaium. — Introduce  into  a  retort  hydrooUoric  add  and  black 
oadde  of  manganese,  so  as  to  form  a  thin  paste ;  heat  the  mixtuxe  with 
an  Argand  lamp :  chlorine  gas  is  speedily  given  ofl^  whic^  may  be  rec- 
ognized by  its  peculiar  color  and  suffocating  odor ;  Teceive  the  gas  over 
-warm  water  in  a  small  pneumatic  trough,  (or  by  displacement;  see  Art. 
i$4.)    The  action  is  represented  by  the  fiiUowing  symbols :  — 

2  eq.  hydrochloric  add  +  1  eq.  oxide  of  manganese 
s  2HC1  +  MnQi 
s=       CI  +  Mna  +  2HO 

a=  1  eq.  chlorine  -f*  chloride  of  manganese  and  2  eq.  water. 

$ 

EXFBUIMEMTS. 

1.  Eepeat  Exp.  1,  Art  22. 

2.  Let  fall  powdered  anthnony  into  a  bottle  of  this  gas ;  the  metal 
i^tes  spontaneously,  and  ibrms  a  beautiful  shower  of  flame.  Yaxioua 
Ather  metals  ignite  spontaneously  in  this  gas^  and  form  ehloridea. 

3.  Put  a  piece  of  pink  caUco  mdstened  with  water  into  a  bottle  of 
chlorine :  the  ookar  ia  speedily  duehaxgpd* 

Jfylroehhne  Aeid-^HCi. 

63.  To  obtain  this  add  in  the  gaseous  state,  introduce  into  a  retort 
common  salt  and  as  much  sulphuric  add  as  will  form  a  thin 

paste ;  apply  the  flame  of  an  Argand  lamp,  and  reedve  the  gas 
by  displacement,  as  it  is  highly  soluble  in  water.    (See  Art.  64.) 

JSxperiment,  —  Place  a  bottle  of  this  gas  over  a  bottle  of  am- 
numiscal  gas :  the  gases  combine  and  fivm  dense  white  fumes 
of  hydrocUorate  of  ammonia. 

Liquid  hydrodUoric  acid  may  be  prepared  in  considerable 
quantities  by  transmitting  a  current  of  the  gas  through  water ; 
it  may  also  be  made  on  a  small  scale,  after  the  manner  of  pre- 
paring nitric  add,  (see  page  492,)  taking  care  in  this  case  to  put  jcvy.  60. 
water  into  the  receiver  6. 

Cyanogen  —  Cy,  or  C2N. 

64.  ExperimeiU,  —  Litroduce  a  few  grains  of  cyanide  of  mercury 
(HgCy)  into  a  test  tube  fitted  with  a  cork  and  bent  tube ;  apply  the 
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flame  of  a  apizit  lamp :  cyanogen  gas  ia  given  off;  ignite  the  gaa  as  it 
iasufii  from  the  small  tube :  it  buna  with  a  beautifiil  Tiolet  flamew 


Sbchon  VL 

COMPOSITION  OF  VS6ETABLB  SUBSTANCES.  COMPOUND  OB- 
OANIC  SUBSTANCES  IN  PLANTS.  ^  FEBMENTATION.  DIAS- 
TASE. GEBMINATION  OF  PLANTS.  STBUCTUBE  AND 
FUNCTIONS   OF  PLANTS.      FOOD   OF  PLANTS. 

COMPOSITION  OF  VEGETABLE  SUBSTANCES. 

65.  When  a  piece  of  straw,  or  any  dried  vegetable  sub- 
stance, is  held  in  the  flaiAe  of  a  candle,  the  greater  portion  is 
consumed  in  the  form  of  gases,  and  only  a  verj  small  portion, 
called  the  ash,  is  left  behind.  That  portion  which  bums  awaj 
is  called  the  organic  part  of  the  plant,  and  that  which  remains, 
the  ash,  is  called  the  inorganic  part.  The  organic  part  of  pUuits 
consists  of  four  elementary  substances,  viz.,  carbon,  oxygen,  hy- 
drogen, and  a  small  quantity  of  nitrogen.  The  inorganic  part 
consists  of  the  following  earthy  substances,  viz.,  potassa,  soda, 
lime,  silica,  magnesia,  alumina,  oxide  of  iron,  oxide  of  man- 
^nese,  sulphuric  acid,  phosphoric  acid,  and  chlorine.  Al- 
though the  ash  forms  a  very  small  part  of  plants,  yet  it  seems 
to  be  as  essential  to  their  growth  and  existence  as  any  of  the 
elements  composing  the  organic  part.  The  proportion  in 
which  these  substances  are  found  varies  in  different  plants, 
and  even  in  different  parts  of  the  same  plant  The  following 
tables,  by  Boussingault  and  Johnston,  give  the  composition 
of  the  organic  as  well  as  of  the  inorganic  parts  of  some  of 
our  most  valuable  plants. 
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When  an  moisture  has  been  evaporated,  100  lbs.  of  each 
vegetable  substance  is  composed  as  follows : — 


Wheat, 

Oats, 

peasr 

Potatoes, , 

Whaat  Straw,. 

Oat  Straw, 

Pea  Straw 


40-1 
M-7 
40-6 
44-0 
48-4 
60-1 
4ft'8 


Ozygm. 


48-4 
86-7 
40-0 
44-7 
88*9 
80K> 
86*6 


Hjdro^n 


6*8 
8-4 
fr2 
6-8 
8-8 
6-4 
6-0 


HltrogtB. 


2-8 
2-2 
4-2 
1-6 
0-4 
0-4 
2-8 


2-4 
4« 
8-1 
4-0 
7-0 
61 
11-3 


100 
100 
100 
100 
100 
100 
100 


In  100  lbs.  of  ash  we  have  the  following  composition :  — 


Potaaaa,.^ 

Soda, 

Lime, 

Hagneeia, 

Alumina, 

Oxide  of  Iron, 

Silica, ! 

Sulphuric  Acid,... 
Phosphoric  Add,. 
Chlorine^ ............ 


19 
20-6 

8 

8 

2 

0 
84 

4 

8-6 

1 


100 


6-0 
6-0 
8-0 

0-6 
1-6 
70-6 
1-6 
8-0 
0-6 


100 


Bu1«7. 


12 

12 

4-6 

8 

1 

trace 

60 

2-6 

9 

1 


100 


Wheat 
Btnw. 


0-50 
0-75 
7-00 
1-00 
2-76 
0 

81-00 
1-00 
6-00 
1-00 


100 


Oat 

Straw. 


16 

trace 
2-76 
0-60 
trace 
trace 
80^ 
1-50 
0-26 
trace 


100 


66.  Hence  it  appears  that  different  kinds  of  plants  must  ex- 
haust the  soil  of  different  proportions  of  inorganic  matter ;  thus, 
for  example,  100  lbs.  of  the  ash  of  wheat  cany  off  19  lbs.  of  po- 
tassa  and  34  lbs.  of  sih'ca,  while  that  of  barlej  onlj  12  lbs.  of 
potassa  and  as  much  as  50  lbs.  of  silica.  Thus  it  is  that  some 
land  will  suit  one  kind  of  vegetables  and  not  another  kind ; 
and  hence  it  is  that  two  successive  crops  of  different  kinds  of  * 
plants  may  grow  on  land,  when  two  successive  crops  of  the 
same  kind  would  exhaust  the  soil  of  some  of  its  most  essential 
constituents.  It  has,  however,  been  found,  that  when  any  one 
of  the  alkalies  is  absent  from  the  soil,  its  place  may  be,  to  a 
certain  extent,  supplied  by  another  alkali  without  injury  to 
the  vegetati<)n :  thus,  when  a  soil  is  deficient  in  potassa  and 
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floda,  then  lime  (an  alkaline  eaith)  will  in  some  measure  sap- 
ply  their  place  in  the  ash  of  the  plant 

67.  As  plants  carry  ofify  year  after  year,  certain  portions  of 
organic  as  well  as  inorganic  snhstances  from  the  land  in  whldi 
they  grow,  it  becomes  neoessaty,  in  most  soils,  that  these  sub- 
stances should  be  restored  to  the  land  in  the  form  of  manores. 

COMPOUND    OB<}ANIC   SUBSTANCES  IN  PLANTS. 

68.  In  the  organic  part  of  plants,  the  four  elements  of 
which  it  b  composed  are  found  in  the  plant  in  the  form  of  dis- 
tinct compounds ;  the  most  abundant  of  these  are  lignme  or 
woody  fibre,  starch,  gum,  sugar,  gluten,  and  albumen.  The 
first  four,  substances  are  composed  of  carbon  and  water  only, 
and  the  last  two  substances  contain  nitrogen,  in  addition  to 
carbon,  oxygen,  and  hydrogen. 

The  composition  of  the  first  four  substances  is  as  follows  :-*- 

Compoiltloii  may  be  reprosented. 

Lignine      -    On  Hf  O,  12  eq.  carbon  and  8  eq.  water. 

Starch        -    Cn  Hio  Ou  12  eq.  caiton  and  10  eq.  water. 

Gum          -    0|s  Hn  O^  12  eq.  oarbon  and  11  eq.  water. 

Grape  Sugar    Cu  H^  On  12  eq.  carbon  and  12  eq.  water. 

The  only  difference  in  the  composition  of  these  compounds 
is,  that  they  contain  different  proportions  of  the  elements  of 
water. 

Most  of  vegetable  conq)ounds  are  characterized  by  the  fol- 
lowing circumstances:  1.  By  being  composed  of  the  same 
elements ;  2.  By  the  facility  with  which  they  undergo  decom- 
position ;  3.  By  the  facility  with  which  many  of  them  are 
converted  into  each  other,  especially  when  a  substance  contain- 
ing nitrogen  is  present ;  4.  By  the  impracticability  of  form- 
ing them  by  the  direct  union  of  their  elements. 

These  distinct  compounds,  which  exist  ready  formed  in  the 
vegetable,  are  called  proximate  principles ;  thus  susar  and 
gum  are  proximate  vegetable  principles. 

Experiment.  —  Put  aome  wheat  flour  in  a  fine  muslin  bag,  and  knead 
or  work  it  with  your  fingen,  while  a  smaJll  stieam  of  irater  is  pound 


Upon  it ;  continue  the  process  until  the  water  ceasei  to  be  milky :  the 
substance  lemaining  in  the  bag  is  a  gray  adbesiye  matter  like  bird  lime, 
called  ffkOen ;  allow  the  milky  portion  which  has  been  washed  from 
the  bag  to  subside ;  decant  the  clear  liquid :  the  white  deposition  is 
called  stareA  ;  take  the  dear  liquid  and  boil  it :  white  flakea  of  albumeti 
are  formed,  a  substance  yery  similar  in  its  nature  to  the  white  of  an  egg* 
Gum  and  sugar  are  dissoWed  in  the 'water. 

Perform  the  same  process  with  grated  potato :  in  this  case,  fibrous 
matter  is  left  in  the  bag,  the  other  portioDs  being  the  saihe  as  in  the 
pfcceding  experiment. 

69.  Lignine,  starch,  gum,  and  sugar,  bemg  so  similar  in 
composition,  may  readily  be  converted  into  each  other.  Thus, 
for  example,  starch  may  be  converted  into  gum  by  roasting  at 
a  temperature  above  that  of  boiHng  water ;  lignine  may  be 
converted  into  gum  by  the  action  of  strong  sulphuric  acid ; 
and  the  gum  thus  formed  may  be  converted  into  sugar  by  add- 
ing water,  and  boiling  the  mixture  for  some  hours ;  and  so  on 
to  other  cases  of  transformation. 

ExpEanmns. 

1.  Di80(dve  some  starch  in  boiling  water :  a  thick  jelly  is  formed, 
which,  after  being  dried,  has  the  appearance  of  glue ;  this  jelly  is  insol- 
uble in  cold  water,  and  is  rendered  blue  by  the  addition  of  a  solution  of 
iodine.  (See  Exp.  2,  Art.  21.)  To  the  thick  solution  of  starch  add  an 
infusion  of  vegetated  barley  of  the  malting:  the  starch  grows  more 
liquid,  and  in  a  short  time  its  consistence  entirely  disappears ;  evaporate 
to  dryness,  and  a  yeihw  jelly-Iike  mass  is  obtained,  whidi  is  now  readily 
dis^yed  by  cold  water,  whereas  starch  is  insoluble  in  cM  water.  To  a 
solution  of  this  substance  add  a  solution  of  iodine :  a  red  wine  color  is 
produced.'  This  yellow  substance  is  a  gum  called  dextrine;  it  is  used  in 
the  place  of  gum  arable  for  stiffening  calico.  There  is  evidently  some 
active  agent  hi  the  vegetating  barley,  which  has  produced  these  changes 
in  the  starch :  this  agent  has  been  called  diaataee. 

2.  Boil  some  diluted  sulphuric  acid  (1  part  of  add  to  12  parts 
of  water)  in  a  porcelain  dish ;  add  gradually  some  starch  paste :  the 
starch  is  dissolved ;  test  a  portion  of  the  solution  by  means  of  a  solution 
of  iodine :  a  red  wine  color  is  produced,  as  in  the  last  experiment ;  con- 
tinue the  boiling  for  a  short  time  longer,  and  the  iodine  will  cease  to 
produce  any  change  of  color.  Take  the  liquid  in  the  evaporating  dirii, 
.and  add  to  it  powdered  chalk  until  the  acid  is  neutnliied,  and  allow 


504         NATURAL  AND  SXPEBIIEENTAX  PHILOSOPHT. 

the  sulphate  of  lime  to  subside :  the  clear  liquid  is  sweet,  and  crystals 
of  auffor  may  be  obtained  by  eyaporating  a  portion  of  the  water  by  a 
alow  heat.  In  this  process  no  gas  is  given  off,  and  the  add  suffers  no 
change.  The  only  difference  in  the  composition  of  starch  and  augsr  ia» 
that  the  latter  contains  more  of  the  elements  of  wftterthan  the  former. 

Berzelius  designates  this  peculiar  action  exerted  by  the  sul- 
phuric acid  in  converting  starch  into  sugar  the  catalytic  force, 
or  the  force  of  catafysis. 

70.  Fermentation.  —  This  term  is  used  generally  to  express 
those  changes  that  are  spontaneously  effected  in  organic  sub- 
stances by  the  reaction  of  their  elements.  Thus,  when  a  so- 
lution of  grape  sugar,  to  which  ferment  or  common  yeast  has 
been  added,  is  kept  for  some  time  at  a  moderate  heat,  the  mix- 
ture froths  up,  in  consequence  of  the  escape  of  carbonic  acid 
gas,  the  sweet  taste  of  th^  solution  gradually  disappears,  and 
when  the  fermentation  has  ceased,  spirit,  or  alcohol,  is  found 
in  the  water.  This  spirit  is  given  off  in  a  concentrated  form 
bj  evaporation  at  a  temperature  below  that  of  boiling  water. 
Alcohol  (C4H«03)  contains  less  oxjgen  and  carbon  than  sugar ; 
hence  the  escape  of  carbonic  acid  in  order  to  change  the  sugar 
into  alcohol.  Thus  sugar,  or  CiiH„Ois,  becomes  2C4H«Oo  or 
2  eq.  alcohdl  and  4C0t,  or  4  eq.  carbonic  acid.  Yeast,  as 
well  as  all  substances  which  have  the  property  of  inducing  or 
exciting  fermentation,  contains  nitrogen,  in  addition  to  carbon, 
oxygen,  and  hydrogen. 

71.  When  a  mixture  of  diluted  spirit  and  yeast  is  exposed 
to  the  air,  oxygen  is  absorbed,  and  acetic  acid  or  Tinegar  is 
formed.  The  composition  of  diy  acetic  acid  is  C^HsOg ;  that 
is,  it  may  be  represented  by  4  eq.  carbon  and  3  eq.  water. 
Hence  the  action  may  be  represented  as  follows :  — 

1  eq.  alcohol  -f-  4  eq. -oxygen  =  C«HeO,  -f-  O4 

»  CAOa  +  8H0, 
or  1  eq.  acetic  acid  +  3  eq.  water. 

In  both  of  these  cases  of  fermentation  the  yeast  merely  acts 
as  a  stimulating  agent. 

72.  Besides  the  proximate  vegetable  principles  already 
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enamerated,  there  are  several  vegetable  adds,  oils,  fattj  maU 
ters,  and  the  peculiar  substance  called  diastase,  which  pro* 
daces  an  important  action  in  relation  to  the  growth  of  plants. 
Vegetable  acids,  —  The  most  oonunon  vegetable  adds  are, 
acetic  acid  (vinegar),  malic  add  (the  acid  of  apples),  oxalic 
acid  (from  common  sorrel),  tartaric  add  (in  grapes),  citric 
acid  (the  acid  of  lemons). 

OERMINATION.      DIASTASE. 

73.  When  a  seed  is  planted  it  begins  to  sprout;  that  la,  it 
shoots  a  sprout  upwards  into  the  air,  and  sends  a  root  down- 
wards into  the  soil.    At  this  stage  of  the  life  of  the  young 
.  plant  it  must  live  upon  the  starch  and  gluten  contained  in  the 
seed  alone.    In  order  to  render  these  substances  soluble  in 
water,  and  thereby  available  for  the  food  of  the  plant,  there  is 
formed  out  of  the  gluten,  at  the  base  of  the  germ,  the  peculiar 
substance  called  diastase.     This  substance  renders  the  starch 
soluble  in  the  sap,  and  it  is  thus  conveyed  to  the  shoot  and 
root  of  the  young  plant    The  starch  in  this  state  of  solution 
becomes  sugar.     As  the  plant  advances  in  its  growth  it  begins 
to  have  leaves,  and  at  this  stage  the  sugar  is  changed  into 
woody  fibre,  which  forms  the  stem.     By  the  time  the  starch 
and  gluten  are  exhausted  from  the  seed,  the  plant  has  acquired 
all  the  functions  necessary  for  taking  up  food  from  the  air  and 
the  soiL    A  similar  process  takes  place  in  the  formation  of 
malt,  where  the  germination  of  the  barley  is  stopped  when 
the  sugar  is  formed. 

STRUCTURE  AND  FUNCTIONS  OF  PLANTS.   ^OO  OF  PLANTS. 

74.  A  complete  plant  has  three  parts  which  are  essential  (o 
its  growth :  a  root,  which  throws  out  fibres  into  the  soil ;  a 
trunk  or  stem,  which  rises  into  the  air;  and  leaves,  which 
present  an.  extended  surface  to  the  action  of  the  air.  Each 
of  these  three  parts  performs  peculiar  functions  or  offices  in 
the  growth  of  the  plant 

1.  The  trunks  or  stem,  consists  of  three  parts :  in  the  center 
43 


SOi         NATDRAt  AKD  fiXFEBIMSNTAI.   PHIIOSOPHT, 

18  the  ptth,  next  tbe  pith  is  the  wood^  and  the  bark  encloses 
the  whole. 

The  pith  consists  of  very  small  horizontal  tubes ;  the  wood 
and  inner  bark  are  made  up  of  longitudinal-  tubes  connected 
together  for  conveying  the  sap  between  the  roots  and  leaves  ? 
the  vessels  in  the  wood  convey  the  sap  from  the  roots  to  the 
leaves,  and  the  vessels  in  the  inner  bark  convey  the  sap  from 
the  leaves  to  the  roots  ;  thus  in  a  growing  plant  there  are  cur- 
rents of  gap  continually  ascending  and  descending.* 

2.  The  root  on  leaving  tbe  stem  has  the  same  structure  as 
the  trunk;  but  the  finely-extended  tendrils  consist  of  one 
white,  uniform,  spongy  mass,  for  the  purpose  of  absorbing 
liquid  food  from  the  soiL 

3.  The  leaf  consists  of  fibres,  which  are  continuations  of 
the  wood,  together  with  the  green  portion,  which  is  a  continu- 
ation of  the  bark.  The  under  part  of  the  le^f  is  full  of  pores, 
which  communicate  with  the  hollow  tubes  of  the  inner  bark. 
It  has  already  been  explamed  (Exp.  6,  Art.  15,  and  Art.  18) 
that  in  the  4Bytime  the  leaves  are  continually  absorbing  car- 
bonic acid  gas  from  the  air,  and  throwing  off  oxygen  ;  thus 
carbonic  acid  is  decomposed  by  the  plant  —  the  carbon  is 
retained  as  food,  while  the  oxygen  is  rejected.  The  reverse 
of  this  process  is  going  on  at  night,  but  so  slowly  as  scarcely 
to  interfere  with  the  general  effect  Carbonic  acid  also  enters 
the  plant  through  the  roots.  Some  suppose  that  carbon  enters 
the  plant  by  the  roots  in  the  form  of  ulmie  acidj  a  substance 
composed  of  carbon  and  water  only. 

75.  The  elements  composing  the  organic  part  of  plants  are 
always  absorbedln  a  state  of  combination,  and  the  substances 
forming  the  inoi^anic  part  must  be  in  a  state  of  solution,  in 
order  to  be  sucked  in  by  the  roots.  The  food  of  plants  most 
contain  the  various  elements  which  enter  into  their  confposi- 
tion.    In  genera],  the  substances  which  afford  this  food  are 

*  The  ueent  of  the  tap  probably,  in  some  measure,  depends  on  the  prin- 
ciple of  endotmote  and  exoamote.  (See  Art  30,  p.  89,  of  the  Treatise  on  Hy- 
drostatics.) 
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carbonic  add,  water,  and  ammonia,  derived  from  the  air  as 
well  as  the  soil ;  and  certain  saline  and  earthy  substances,  de- 
rived exclusively  from  the  soiL  I/ight  and  heat  (and  proba- 
bly electricity)  stimulate  the  fbnctions  of  plants,  and  are  abso- 
lutely necessary  to  their  growth  and  full  development  Light 
is  also  essential  to  the  formation  of  the  coloring  matter  in 
plants. 

It  will  now  be  easy  to  see  how  the  plant  should  form  woody 
fibre,  starch,  sugar,  gum,  or  vinegar,  all  of  which  substances 
consist  of  carbon  and  water  only,  united  in  different  propor- 
tions. Ammonia  and  nitric  acid  supply  the  plant  with  nitro- 
gen. 

SEcnoN  VDL 

SOILS.  THEIB  COMPOSITION.  OBGAKfc  AND  INORGANIC 
PARTS.  SALINE  AND  EARTHY  PARTS.  PHYSICAL  CHAR- 
ACTER OP  SOILS.  TO  SEPARATE  THE  SAND  FROM  THE 
CLAY.  TO  DETERMINE  THE  QUANTITY  OF  LIME,  OF  OR- 
GANIC MATTER,  AND  OF  SALINE  MATTER,  IN  A  BOIL. 
ORIGIN  OF  SOILS.  MECHANICAL  PROPERTIES  OF  SOILS. 
CHEMICAL  PROPERTIES   OF   SOILS. 

COMPOSITION   OF  SOILS. 

76.  Soils,  like  plants,  are  composed  of  organic  as  well  as 
of  inorganic  matter. 

The  organic  peart  of  soih  is  chiefly  derived  from  the  re- 
mains of  vegetable  and  animal  substances.  Peaty  soils  con- 
tain a  large  proportion  of  organic  matter,  while  good  wheat 
lands  contain  only  about  one  twentieth  of  their  whole  weight. 
This  organic  matter  in  the  soil  has  been  called  humus^  which, 
by  the  action  of  alkaline  substances,  is  resolved  into  ulmic  and 
humic  acids.  As  the  vegetable  matter  undergoes  decay,  this 
organic  portion  of  the  soil  also  gives  to  the  land  the  various 
inorganic  substances  found  in  its  ash. 

77.  The  inorganic  part  of  soils  consists  of  certain  saline 
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Bolable  substancesy  and   of  certain    earthy  inadable   flvb- 
stances. 

1.  The  ioUne  toiuhlB  tuhtancet  eonatt,  in  general,  d  com- 
mon salt,  sulphates  of  soda  and  magnesia,  gypsum,  with  snmll 
portions  of  the  nitrates  of  potassa,  soda,  and  Hme,  and  of  tlie 
chlorides  of  calctam,  magnesium,  and  potassium,  together  with 
ammoniacal  salts.  From  these  soluble  compounds  the  plant 
obtains  nearly  all  the  saline  matter  contained  in  its  ash.  The 
rain  dissolves  these  saline  substances,  and  carries  them  into 
the  subsoil ;  but  in  dry,  warm  weather,  they  reasceod  to  the 
surface,  and  are  thus  brou^t  in  contact  with  the  roots  of  the 
growing  plant.  Thus  fine  warm  weather  accelerates  the  ripen- 
ing of  torn  and  other  valuable  grain. 

2.  The  earthif  ituoluble  whtianeei  in  the  soils  never  consti- 
tute less  than  nine  tenths  of  their  whole  weight  Xhe  prtn- 
eipal  ingredients  of  this  earthy  matter  are  siHea,  in  the  form 
of  sand,  alumina^  mixed  with  sand,  in  the  form  of  d!ay,  and 
carbonate  of  limf.  Where  the  soil  has  a  red  color,  the  oxide 
of  iron  is  generally  present  Minute  traces  of  photpkaie  of 
km§  may  also  be  detected  in  most  good  soils. 

physical'  gharactsr  of  boils. 

78.  The  relative  proportions  of  sand,  day,  and  lime  in  a 
Boil  give  it  a  peculiar  physical  character.  When  a  soil  con- 
tains only  a  small  proportion  of  day,  it  is  called  a  eandy  soil; 
when  the  quantities  of  sand  and  clay  are  nearly  equal,  it  Is 
called  a  hamy  eoilj  or  day  loamy  according  as  the  quanti^  of 
sand  is  greater  or  less  than  the  day ;  when  the  day  is  much 
in  excess,  it  is  called  clay  loamy  or  strong  elayy  as  the  case  du^ 
be.  Good  arable  land  rarely  contains  more  than  one  third 
part  of  its  weight  of  clay. 

79.  To  separate  the  aandfrotn  the  ekty  in  a  eoU,  —  Take  aboat  half  an 
ounce  of  soil,  and  boil  it  in  about  half  a  pint  of  water,  in  a  pcsodam 
'dish,  until  it  is  completely  diffiised  through  the  water ;  after  ahaking. 
let  the  mixture  stand  for  a  minutet  to  aUow  the  aaad  to  settle  to  the 
bottom  of  the  yeawlt  while  the  day  rernnna  mqpended  in  tiie  ftcdd; 
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pour  cff  the  water  with  the  floating  day  into  another  TeBsd,  and  allow 
the  claj  now  to  settle.  The  sandy  portion  of  the  soil  will  he  found  in 
the  fiist  vessel,  and  the  clayey  portion  at  the  hottom  of  the  second.  The 
sand  and  clay  may  now  be  dried  and  weighed  separately,  and  the  rela- 
tive weights  will  give  the  proportion  in  which  they  subsist  in  the  soil. 

80.  If  a  8oil  contains  more  than  one  twentieth  of  its  weight 
of  carbonate  of  lime,  it  is  called  marl ;  and  if  more  than  one 
fifth,  it  is  ealled  calcareous  soiL 

To  determin$  Vu  quantUy  of  lime  in  a  toU,  —  Take  100  grainyof  the 
soil,  (which  has  been  previonsly  heated  to  redness,  to  destroy  the  vegeta- 
ble matter,)  and  diffuse  it  through  about  half  a  pbit  of  distilled  water ; 
add  about  an  ounce  of  hydrochloric  add,  and  allow  the  mixttire  to 
stand  for  a  few  hours,  observing  to  stir  it  fixim  time  to  time.  Bubbles  of 
carbonic  add  are  given  off.  Aiter  the  action  has  ceased,  pouz  off  the 
dear  liquid ;  dry  and  then  heat  the  residue  to  redness,  and  weigh  it : 
the  loss  is  nearly  the  weight  of  lime  and  caibonate  of  lime  in  the  soiL 

81.  To  determine  the  quantity  of  organic  matter.  —  Dry  about  an 
ounce  of  the  soil  on  paper  in  an  oven,  at  a  heat  which  does  not  char  the 
paper ;  bum  about  200  grains  of  this  dry  soil :  the  loss  is  nearly  the 
weight  of  the  organic  matter  contained  in  it. 

82.  To  determine  the  quaniity  of  aaUne  matter.  —  Take  2  lbs.  of  dry 
soil,  and  bdl  it  in  about  a  quart  of  distilled  water ;  after  allowing  the 
solid  matter  to  subside,  pour  off  the  clear  liquid,  and  evaporate  to  dry- 
ness at  a  moderate  heat ;  weigh  the  remdue,  and  it  will  give  the  quan- 
tity of  soluble  saline  matter  in  the  soil.  In  ar  good  soil  this  saline 
matter  may  weigh,  upon  an  average,  about  20  grains. 

ORIGIN   OF  SOILS. 

83.  Soils  owe  their  origin  to  the  disintegration  or  gradual 
crumbling  down  of  rocks,  by  the  action  of  water,  frost,  air, 
and  various  chemical  agents.  Hence  soils,  in  general,  derive 
their  peculiar  character  from  the  geological  strata  upon  which 
they  lie,  or  from  the  nature  of  the  rocks  in  the  adjacent  hills 
or  mountains. 

UECHANICAL  PROPERTIES   OF   SOILS. 

84.  Sandy  and  marly  soils  are  heavy,  while  peaty  soils  are 
light.  Strong  days  and  peaty  soils  absorb  and  retain  moist- 
ure ;  hence  they  are  damp  and  cold ;  hence,  especially,  the 
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necessity  for  draining  such  soils.  Sandy  soils  neither  absorb 
nor  retain  much  moisture ;  hence  such  soils  become  scorched 
with  the  heat  of  summer,  and  the  plants  growing.  ujMn  them 
are  burned  up.  In  rainy  seasons,  however,  sandy  soils  fre- 
quently sustain  a  luxuriant  vegetation,  while  the  plants  upon 
a  clayey  land  almost  perish  from  the  excess  of  moisture. 

85.  Heat  causes  clay  and  peat  to  contract ;  in  doing  so,  the 
soil  compresses  the  roots  of  the  plants,  and  prevents  the  access 
of  air,  and  thus  the  growth  of  the  plant  is  retarded. 

86.  The  absorbent  power  of  clay  is  useful  in  a  soil,  for  dur- 
ing the  hot  and  dry  season  of  the  year,  in  the  cool  period  of 
the  night,  the  clay  absorbs  the  dew  that  falls  upon  it,  and  re- 
tains the  moisture  with  great  tenacity. 

87.  In  order  that  plants  may  come  to  perfection,  it  is  neces- 
sary that  the  soil  on  w&ich  they  grow  should  attain  a  certain 
degree  of  warmth.  Damp  lands  are  cold,  for  the  continual 
evaporation  of  the  moisture  carries  off  the  heat  of  the  snn  ; 
hence  the  necessity  of  drainage. 

88.  These  observations  show  the  value  of  a  due  admixture 
of  clay  and  sand  in  order  to  form  a  mixture  having  all  the 
mechanical  qualities  of  a  fertile  soil,  where  the  earthy  constit- 
uents are  so  adjusted  that  '^  the  loose  and  porous  qualities  of 
the  one  are  corrected  by  the  plastic  and  retentive  qualities  of 
the  other."  It  is  a  remarkable  fact,  that  a  mixture  of  alumi- 
na, silica,  and  lime  absorbs  gaseous  matter  as  well  as  moisttirey 
better  than  any  of  these  earths  taken  by  itself. 

CHSHICAL   PBOPERTIES   OF  SOILS. 

89.  Soils  not  only  sustain  a  plant  in  an  erect  position  and 
afford  it  food,  but  they  are  the  medhim  in  which  various  chem- 
ical actions  are  gradually  and  constantly  going  on,  in  the  prep- 
aration of  different  substances  essential  to  the  growth  of 
plants.  Thus  lime  is  constantly  decomposing  vegetable  and 
animal  matter  in  the  soil,  and  thereby  preparing  food  for  the 
plant.  Thus  oi^anic  substances  in  the  soil  aid  in  absorbing 
ammonia  and  carbonic  acid  from  the  air.     Thus  little  grains 
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of  alkaline  silicates  are  gradually  redAed  to  powder,  and  ia 
this  state  wattr  dissolves  the  alkaline  matter.  (See  Exp.  1, 
Art.  28.) 

90.  A  fertile  soil  should  not  only  contain  all  the  elements 
essential  to  the  growth  of  a  plant,  but  they  should  exist  in  6 
due  proportion*  A  deficiency  of  one  substance,  or  an  excess 
of  another,  may  equally  contribute  to  deteriorate  the  quality 
of  the  land.  Hence  the  utility  of  artificial  applications  to 
land,  whereby  the  farmer  is  enabled  to  supply  what  may  be 
deficient,  or  in  some  degree  to  neutralize  the  influence  of  what 
may  be  in  excess.  The  following  analyses  of  three  different 
doib,  by  Dr.  Sprengel,  afford  a  striking  illustration  of  these 
remarks. 

1000  parts  of  each  soil  contained  as  follows :  — 

No.  1.  No.  2.  No.  8. 

Fine  earthy  and  organic  matter,     -    937  839  599 

SmciouBsand,        -            -            -      45  160  400 

Saline  soluble  matter,         -            -      18             1  I 

1000        1000  1000 

1000  parts  of  the  fine  earthy  and  organic  matter  contained,  — ' 


No.  1. 

No.  2. 

No.  3, 

Organic  master, 

- 

97 

60 

40 

Silica,  - 

- 

648 

833 

778 

Alumina,          - 

- 

67 

61 

91  ' 

Lirae,   - 

. 

69 

18 

4 

Magnesia, 

- 

8-5 

8 

•  1 

Oxide  of  iron,  - 

- 

61 

30 

81 

Oxide  of  manganese, 

- 

1 

3 

i 

Potassa, 

- 

2 

trace 

trace 

Soda,    . 

- 

•  4 

— 

— 

Ammonia,        ' 

- 

trace 

— 

— 

Chlorine, 

- 

2 

— 

— 

Sulphuric  acid,  - 

- 

2 

i 

— 

Phosphoric  acid, 

- 

4*6 

11 

— 

Carbonic  acid,  - 

- 

40 

4i 

— 

Lobs,    - 

- 

14 

— 

4i 

1000 

1000 

1000 
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'  No.  1  19  a  highly  ftrtile  soil,  which  had  grown  com  and 
pukse  crops  withofU  the  application  of  anj  manAe.  This  soQ 
seems  to  contain  all  the  essential  constituents  of  planUi.  Now 
2  is  a  fertile  soil  which  required  to  be  manured  with  gypsttm. 
The  analysis  indicates  a  deficiency  of  soluble  saline  matter, 
with  only  traces  of  potassa,  soda,  and  sulphuric  and  othei^ 
acids.  No.  3  is  a  barren  soil ;  it  is  deficient  in  organic  mat- 
ter ;  potassa,  soda,  &c,  are  almost  wantiDg ;  lime,  oxide  of 
iron,  and  silica  seem  to  be  largely  in  excess.  In  order  to  ren« 
der  this  soil  productive,  it  would  require,  not  only  to  have 
added  those  substances  which  are  absent,  but  some  other  sub- 
stances which  would  tend  to  neutralise  the  matters  in  excesa. 


Section  Vm. 

IMPROVEMENT  OF  SOILS.  MECHANICAL  OPERATIONS: 
DRAINING,  PLOUGHING,  ETt.  MANURING:  VEGETABLE, 
ANIMAL,  AND  MINERAL  MANURES.  SPECIAL  MANURES, 
ROTATION   OP   CROPS.      FALLOWING.      IRRIGATION. 

IMPROVEMENT   OP   SOILS. 

t 

91.  Land  mAy  be  improved  by  working  it,, that  is,  by  me- 
chanical operations,  such  as  draining,  ploughing,  &c. ;  or  by 
improving  the  quality  of  the  soil  by  the  application  of  ma- 
nures. 

MECHANICAL   MEANS   OP  IMPROVING  LAND. 

92.  Draining.  —  It  has  already  been  shown  (Art  87)  that 
damp  lands  are  cold  a]||  unproductive.  The  first  considera- 
tion, therefore,  with  the  farmer  in  reference  to  such  soils  is  to 
have  all  redundant  moisture  carried  off  by  means  of  drains. 
The  advantages  of  drainage  are  further  shown  by  the  follow- 
ing circumstances.  When  there  is  too  much  water  in  a  soil, 
the  food  of  the  plant  is  either  washed  down  to  the  subsoil,  or 
it  enters  the  roots  in  a  very  diluted  state.  When  a  soil  4ias 
been  drained  and  ploughed,  it  is  no  longer  close  and  adhesive. 
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Imt  pemuts  the  air  to  penetrate  through  it^  and  the  roots  to* 
extend  themselves  in  all  directions*    Moreover^  a  more  health* 
fnl  decomposition  of  the  organic  matter  goes  on  in  dry  soils 
than  in  damp  ones. 

There  are  few  soils  which  may  not  he  benefited  bj  drain- 
age. It  is  especially  beneficial  to  damp  day  and  peaty  soils. 
When  the  soil  is  a  day  with  sand  or  gravd  fct  the  snbsoil,  it 
will  be  suffident  if  the  surface  is  diaiined ;  but  when  the  soil 
is  sandy,  with  day  for  the  subsoily  the  drain  should  go  down 
into  the  sabsoH ;  otherwise  the  land  will  be  damp  and  cold* 
To  prevent  the  soil  being  washed  away,  the  fall  of  drains 
should  be  gentle.  Land  diould  always  be  drained  some  time 
before  ploughing.  Drain  pipes  made  of  porous  burnt  clay, 
^tting  into  each  other,  ai^  now  generally  adopted  for  agricul- 
tural purposes. 

93.  Plofughing  in  general,  especially  combined  with  drain- 
age, allows  water,  air,  and  other  gases  to  come  in  contact  with 
the  roots  of  the  plants,  destroys  nnhealthful  acidity  in  th|e  soil, 
and  promotes  the  decomposition  of  vegetable  matter. 

94.  Subtoil  and  deep  ploughing  espedally  bring  new  min<> 
eral  manure,  such  as  lime,  to  the  surface.  Agriculturists  con- 
sider that  the  subsoil  plough  should  not  be  used  until  after  the 
land  has  been  drained  for  one  year.  The  reason  of  this  must 
be  obvious ;  damp  soils  are  merely  cut  by  the  plough,  whereas 
dry  soils  are  broken  to  powder  when  a  heavy  plough  passes 
through  them. 

SIANURING  AS  ▲  MEANS   OF  IMPROYINa   SOILS. 

95.  Manures  are  divided  into  three  classes,  viz.,  vegetable 
manures,  animal  manures,  and  mineral  manures. 

VEGETABLE  MANURES* 

96.  These  manures  serve  to  open  the  pores  of  the  land,  and 
to  supply  organic  as  well  as  inorganic  food  to  plants.  Vege- 
table matter  may  be  used  as  a  manure  either  in  the  green 
state  or  in  the  dnf  state. 
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Grttn  manwrt^ — When  green  vegetable  snbstanoes  are  pot 
into  the  Boil,  thej  undergo  a  rapid  decay,  yielding  a  speedjr 
supply  of  fix)d  to  the  growing  plant;  on  the  contrary,  dry  ma- 
nures decay  more  slowly,  but  act  more  permanently  upon  the 
land.  The  cleanings  of  ditches,  hedge  sides,  &c,  turnip  and 
potato  tops,  mixed  with  earth,  and  formed  into  a  compaU  keap^ 
constitute  an  enriching  application  to  the  soiL  In  some  parts 
of  this  country  turnip  seed  is  sown  at  the  close  of  harvest^ 
and  at  the  end  of  two  months  the  green  crop  is  ploughed  mto 
the  land.    Sea  weeds  form  a  valuable  green  mtnure. 

97.  Dry  manures.  —  Dry  vegetable  substances,  such  as 
straw,  sawdust,  &c.,  decay  very  slowly ;  it  is  desirable,  there* 
fore,  before  applying  such  substances  to  the  land,  that  they 
should  be  mixed  with  some  matter  which  tends  to  promote 
fermentation.  Sawdust  mixed  with  soil  and  common  weeds^ 
laid  up  in  a  compost  heap,  and  from  time  to  time  watered  urith 
the  liquid  manure  of  the  farm-yard,  is  converted  into  a  valu* 
able  vegetable  mould.  If  the  fermentation  be  not  carried 
beyond  a  certain  point,  this  compost  exercises  a  gradual  and 
prolonged  action  on  the  growing  plants :  on  the  contrary,  if  it 
be  laid  on  the  land  when  in  a  complete  state  of  fermentation^ 
the  action  is  immediate;  hence  the  application  of  the  latter 
kind  of  mdnures  to  turnips  and  other  crops  which  require  to 
be  brought  into  a  condition  of  rapid  growth.  Oharcwd  pow* 
deTy  malt  dust^  bran,  rape  dusty  sooty  tanner^e  barky  &C.,  are  the 
most  common  dry  manures*  in  use. 

▲NIMAL   MANURES. 

98.  Animal  manures  are  the  most  energetic  in  their  action, 
in  consequence  of  the  nitrogen  they  contain,  which  exists  in 
them  in  the  form  of  ammoniacal  salts :  these  salts  are  amongst 
the  most  powerful  agents  in  promoting  vegetation.  The  value 
of  guano  as  an.  application  to  the  soil  depends  chiefly  on  the 
quantity  of  ammonia  which  it  contains.  According  to  Liebig, 
the  air  immediately  in  contact  with  the  soil  contains  small  por* 
tions  of  ammonia,  which  is  being  continually  absorbed  by  the 
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BOil.  The  soluble  portion  of  manures  is  most  valuable,  in* 
consequence  of  the  volatile  substances  which  it  contains ;  and 
hence  the  intelligence  and  industry  of  a  farmer  are  shown  by 
the  care  he  takes  of  his  bam  yard.  In  M^arm  weather  the 
mixed  manure  heap,  or  compost  heap,  should  be  watered,  and 
a. free  current  of  air  allowed  to  pass  over  it,  in  order  to  check, 
in  some  degree,  the  process  of  fermentation,  which  causes  the 
carbonate  of  ammonia  to  escape  into  the  air.  In  order  still 
further  to  secure  the  volatile  matters,  the  heap  should  be  cov- 
ered over  with  a  layer  of  soil,  or,  in  other  cases,  with  the  sul- 
phate of  lime ;  these  earths  absorb  and  fix  the  vapors,  and  are 
thus  converted  into  valuable  applications  to  land.  Quicklime 
should  never  be  put  into  the  compost  heap,  for  it  decomposes 
the  salts  of  ammonia,  and  thus  the  most  valuable  portion  of 
the  manure  would  be  dissipated  into  th«  atmosphere.  As 
there  is  always  a  loss  during  fermentation,  the  judgment  of 
the  farmer  must  be  exercised  as  to  file  proper  time  for  laying 
the  fermenting  manure  upon  his  land  :  this  time  must,  in  some 
degree,  depend  upon  the  nature  of  the  soil  and  the  crops  to 
be  reared.  To  cold  soils,  for  example,  fully  fermented  manure 
is  most  valuable,  as  it  tends  to  warm  the  soil,  and  to  stimulate 
the  growth  of  the  plant. 

99.  Boussingault  gives  the  following  analysis  of  an  average 
farm  yard  manure :  — 

In  100  parts  of  the  manure  we  have 

Carbon,           -            -            -            -            -  7.41 

Oxygen,          -            -            -            -            .  5.34 

Hydrogen,      -----  o-87 

Nitrogen,        -            -            .            .            .  0.41 

Salts  and  earthy  substances,    -           .           -  6*67 

Water^           .....  79.30 


100-00 
MINERAL  MANURES. 


100.  Lime^  shell  sand;and  marl  —  Lime  is  the  most  impor* 
tant  of  all  the  mineral  applications  to  land.  It  serves  a  me- 
chanical purpose  by  giving  a  proper  consistency  to  soils,  and 
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it  acts  chemicallj  bj  deoomposing  various  organic  substances, 
at  the  same  time  absorbing  and  fixing  their  gaseous  products, 
and  rendering  vegetable  as  well  as  mineral  substances  soluble 
tvhich  were  not  so  before.*  Mr.  Mofiat,  in  an  able  paper, 
(published  in  the  *^  Journal  of  the  Northumberland  Agricultu* 
ral  Society'*  for  the  year  1849,)  adduces  the  following  exper- 
iment to  illustrate  the  mode  in  which  lime  acts  on  the  soil :  — 

Experiment,  —  **  Take  some  sawdust,  or  any  fibrous  matter,  and  boil 
it  in  water,  so  as  to  extract  all  its  soluble  matter ;  wash  it  well  with  cold 
water,  and  strain,  so  as  to  leave  it  only  in  a  moist  state ;  then  add  to  it 
cne  fifth  part  of  caustic  lime,  and  close  the  mixture  up  in  a  bottle  far 
two  or  three  months.  After.this  period  you  will  find  the  lime  to  haTS 
assumed  a  brownish  color,  efienrescent  when  vinegar  is  poured  upon  it. 
which  indicates  the  presence  of  carbonic  acid ;  and  when  water  is  again 
boiled  with  the  mass,  it  will  gain  a  fawn  color,  and  by  evaporation  leave 
a  fawn-colored  powdef,  consisting  of  lime  combined  with  vegetable  ex- 
tract. The  sawdust,  previous  to  the  action  of  the  lime,  was  perfectly 
insoluble  in  water ;  it  is  now  converted  into  a  brownish  powder,  which 
dissolves  in  large  quantity  in  water.  Now,  this  is  precisely  an  example 
of  the  change  produced  by  the  action  of  lime  in  a  caustic  state  upon  the 
insoluble  fibrous  matters  of  the  soil."  ^Ir.  Moffat  further  observes^ 
**  Caustic  lime  decomposes  all  the  salts  and  combinations  of  ammonia, 
oombining  with  their  adds  by  reason  of  its  stronger  alkaline  affinity, 
and  dissipating  the  ammonia  into  the  atmosphere;  hence  lime  should 
never  be  applied  with  guano,  nor  farm  yard  manure,  as  a  great  portion 
of  the  nutritive  quality  of  these  manures  resides  in  the  salts  of  ammonia 
they  contain." 

When  vegetable  matter  abounds  in  a  soil,  a  considerable 
portion  of  lime  may  be  used  to  promote  the  decomposition. 
Stiff  clay  lands,  after  draining,  should  be  well  limed ;  on  the 
contraiy,  light  lands,  where  there  is  neither  much  moisture 
nor  vegetable  matter,  do  not  require  such  a  quantity.  Striking 
effects  are  produced  by  a  due  application  of  lime  to  pasture 
and  arable  lands. 

*  Insoluble  compounds  of  silica  and  potassa  exist  in  many  of  our  rocks  : 
BQW,  when  these  earths  are  crushed  and  mixed  with  lime  and  water,  it  has 
been  fAnd  that,  after  a  certain  time,  the  silica  and  pota$sa  are  converted 
into  a  soluble  form.  No  doubt  these  changes  take  place,  to  a  limited  extent, 
in  the  soU. 
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The  effects  of  lime  gradualljr  disappear,  and  after  a  fevf 
years  the  land  returns  to  its  original  state,  unless  fresh  lime  be 
added. 

Lime  is  removed  from  the  soil,  —  first,  by  sinking  through 
the  loose  soil ;  secondly,  by  rains  which  wash  it  away ;  and 
thirdly,  by  the  crops  carrying  off  certain  portions  of  lime  in 
the  form  of  the  carbonate. 

Marl  and  shell  sand,  besides  other  fertilizing  matters,  con- 
tain a  large  quantity  of  carbonate  of  lime ;  their  action  upon 
land  is  similar  to  that  of  mild  lime.  Sulphuret  of  iron  (iron 
pyrites)  is  found  in  some  soils.  This  insoluble  substance  has 
no  chemical  action  ;  but  when  it  has  been  for  a  length  of  time 
expo^  to  the  action  of  the  air,  it  absorbs  oxygen,  and  is  con- 
verted into  sulphate  of  iron,  (green  vitriol,)  which  is  highly 
soluble,  and  injurious  to  plants.  Now,  the  addition  of  cirbo- 
nate  of  lime  decomposes  this  salt,  forming  sulphate  of  lime  and 
the  inert  oxide  of  iron,  with  the  escape  of  carbonic  acid  gas. 

Sulphate  of  lime  may  be  used  with  advantage  for  all  kinds 
of  crops ;  but  it  is  especially  applicable  to  clover,  pea,  and  bean 
crops.     The  sulphates  generally  supply  sulphur  to  plants. 

Sulphate  of  magnesia^  as  a  top  dressing,  has  been  applied 
with  great  benefit  to  young  wheat 

Sulphate  of  soda  (Glauber  salts)  has  been  beneficially  used 
for  turnip  crops ;  and,  mixed  with  nitrate  of  soda,  it  has  given 
abundant  crops  of  potatoes. 

Chloride  of  sodium  (common  salt)  has  generally  a  fertiliz- 
ing influence  on  high  or  sheltered  lands  situated  at  a  distance 
from  the  sea. 

Kelp  (the  ash  of  sea  weeds)  and  wood  ash  are  well  known 
to  have  a  beneficial  action  on  all  kinds  of  soils. 

Chloride  of  potassium  (the  residue  of  the  nitre  refiners)  is 
sometimes  used  as  a  dressing  for  grass  land. 

Nitrates  of  potassa  and  soda.  —  These  have  been  found 

especially  beneficial  to  young  plants.    The  nitric  acid  which 

they  contain  supplies  nitrogen  to  the  vegetable^  and  Ae  po* 

tassa  and  soda  are  equally  fertilizing ;  applied  at  the  rate  of 

44 
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about  1  cwt  per  acre,  they  promote  the  growth  of  young  com 
and  grass. 

Gas  liquor  contains  a  large  quantity  of  ammonia ;  it  there*-' 
fore  formsi  when  diluted  with  five  or  six  times  its  weight  of 
water,  a  superior  manure  for  grass  lands  or  crops  generally. 
Sulphuric  acid,  or  gypsum,  is  sometimes  added,  to  fix  the  am- 
monia in  the  gas  liquor. 

10 1.  Special  manures,  —  As  plants  differ  in  their  compositaoo^ 
so  different  plants  evince  a  predilection  for  different  kinds  of 
food.  Ammonia,,  nitrate  of  soda,  and  lime  promote  the 
growth  of  all  plants.  Lime,  especially  in  well-drained  soils, 
tends  to  bring  the  fruit  or  seeds  of  plants  to  perfection,  and 
thus  to  bring  in  an  early  harvest.  Gypsum  promotip  the 
growth  of  red  clover,  and  phosphate  of  magnesia  has  a  similar 
effeql  upon  potatoes ;  and  so  on  to  other  cases. 

The  specific  action  of  particular  manures  on  the  growth  of 
certain  plants  is  a  remarkable  and  interesting  fact.     £ven  cer* 
tain  manures  promote  the  development  of  particular  parts  of 
the  plant;  thus;  for  example,  manganese  added  to  the  soil 
improves  the  fiowers  of  the  rose  bush. 

102.  Mixed  saline  mamwres,  —  A  mixture  of  lime  and  com- 
mon salt  is  recommended  as  aa  excellent  manure.  A  mixture 
of  sulphate  and  nitrate  of  soda,  as  a  top  dressing,  has  been 
found  to  produce  remarkable. effects  on  the  growth  of  potatoes ; 
and  so  on  to  other  cases.  It  appears  that  the  application  of 
mixed  saline  substances  is  calculated  to  produce  more  benefi- 
cial results  than  when  these  substances  are  used  alone.  Hence 
it  is  that  guano  (which  contains  several  saline  substances)  is 
found  to  act  so  beneficially  on  almost  every  kind  of  crops. 

ROTATION   OP    CROPS. 

103.  The  composition  of  soils  should  have  a  relation  to  the 
kind  of  plants  which  they  are  intended  to  grow.  When  a 
particular  species  of  plant  has  been  grown  for  a  length  of 
time  Ai  a  soil,  that  soil  becomes  exhausted  of  the  inorganic 
matter  adapted  to  the  growth  of  that  particular  plant.     Now, 
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different  plants  extract  from  soils  different  proportions  of  the 
inorganic  matter  contained  in  them.  Hence  a  succession  of 
crops  of  different  vegetables  may  be  raised  upon  the  same 
soil,  when  two  successive  crops  of  the  same  vegetable  oould 
scarcely  be  reared.  Thus  barley  grows  well  afler  a  crop  of 
turnips,  oats  afler  a  crop  of  grass,  wheat  after  crops  of  beans 
and  potatoes.  The  following  is  a  specimen  of  a  six  years' 
rotation  of  crops :  — 

1.  Wheat;  2.  Turnips;  3.  Barley;  4.  Seeds;  5.  Oats; 
6.  Potatoes. 

T'he  following  general  riile  should  be  observed  in  the  choice 
of  the  rotation  of  crops,  viz.,  plants  which  require  chiefly  the 
same  kind  of  food  shotdd  not  he  grown  in  succession;  thus 
plants  which  are  grown  for  their  roots  grow  best  after  those 
which  are  grown  for  their  seeds. 

Clover  adds  fertility  to  the  soil ;  and  hence  an  abundant 
crop  of  com  may  be  obtained  aft«r  a  crop  of  clover.  In  this 
way  the  use  of  clover  has,  to  a  great  extent,  superseded  the 
system  of  fallowing. 

104.  FaUow.  —  When  land  has  been  exhausted  by  a  succes- 
sion of  crops,  its  exhausted  resources  are  resuscitated  by  ma* 
nuring,  and  allowing  it  to  lie  dormant,  exposing  it  at  the  same 
time  (by  ploughing,  &c.)  to  the  action  of  the  air  and  moisture. 

105.  Irrigation.  —  When  water  is  allowed  to  remain  on 
land,  it  is  injurious  to  vegetation ;  but  the  occasional  f  ow  of 
water  over  the  surface  of  lands,  as  in  our  irrigated  meadows, 
carries  with  it  various  fertilizing  substances. 
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InTRODUGTioir.— 1.  Into  what  four  cIa«Ms  are  the  laws  of  natnra 
divided  1  What  do  the  laws  of  physics  govern  ?  By  what  torma  are 
the  foar  great  physical  trnths  expressed  ?  What  phenomena  do  solidt 
exhibit?    What  do /^utds  f    Whatainf    y(h9iimpo»derabU»f 

Mbghaxics. — 5.  What  is  mechanics?  Statics?  Dynamics?  Hj- 
drostatics?    Hydrodynamics?    Define  moOer;  fiuiM;  cEeMiYy. 

7.  What  is  motion  ?  When  is  motion  nniform  1  When  aecelerated  % 
When  retarded  ?  What  is  velocity  ?  What  is  momentum  ?  What  is 
force  ?  Difi'erent  kinds  of  force  ?  What  is  meant  by  ponderable  and 
imponderable  bodies  1    How  are  forces  known  to  us  ? 

13.  How  are  the  properties  of  matter  divided  ?  Which  are  primazj 
properties?  Which  are  the  secondarpr  pronerties?  Define  exUnsien; 
impenetrability.  What  are  compressibility  and  expansibility  ?  What  is 
divisibility?    Cohesion?    Elasticity?    Mobility?    Inertia?    Gravity? 

24.  What  is  meant  by  the  attraction  of  gravitation  ?  What  is  the 
Jint  law  of  attraction  ?  The  ascend  law  ?  Sammary  law  ?  On  what 
does  the  force  of  gravity  at  any  place  depend  ?  How  much  velocity  does 
a  falllne  body  acquire  m  a  second  of  time  ?    State  the  law  of  increase. 

25.  What  is  the  centre  of  gravity  ?  What  is  meant  by  the  /uie  ^ 
direction  9  How  does  the  line  of  direction  govern  the  stability  of  a  body  ? 
What  eflTect  has  the  elevation  of  the  centre  of  gravity  above  the  base  ? 

26.  What  is  the  first  law  of  motion  ?  What  are  the  obstacles  to  mo* 
tion  ?  Name  the  second  law  of  motion.  What  is  the  parallelomm  of 
motion  ?  What  is  the  parallelogram  of  forces  ?  Give  the  thitd  law  of 
motion.    By  what  is  the  intensity  of  the  action  of  any  force  estimated  ? 

27.  Give  the  law  of  descent  of  falling  bodies.  How  is  motion  affected 
in  a  body  projected  vertically  upwaras?  28.  What  is  a  parabola? 
29.  >Give  the  law  of  vibration  of  a  pendulum. 

SO.  How  many  and  what  forces  are  necessary  to  produce  motion  round 
a  centre  ?    What  is  centrifugal  force  ?    By  what4s  it  counteracted  ? 

31.  On  what  does  the  amount  of  work  done  by  an  agent  depend  ? 
What  is  the  unit  of  work,  as  adopted  in  this  country  ?  What  is  the  law 
of  labor  in  raising  a  body  in  opposition  to  gravity  ?  What  ia  the  esti- 
mate of  a  horse  power  f 

32.  What  is  the  object  of  machinery  ?  Of  what  is  work  the  product  ? 
Name  some  of  the  active  agents  of  nature.  What  is  a  fundamental 
axiom  in  mechanics?  What  law  is  founded  on  the  principle  of  the 
equality  of  work  ?  To  what  is  the  advantage  gained  by  a  macnine  equiv- 
alent ?    How  is  the  principle  of  virtual  veTodties  commonly  expressed  ? 
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33.  Which  are  the  etmple  mechanical  powers  ?  What  is  the  lever  ? 
How  many  kinds  1  Describe  each  kind.  35.  What  is  the  wheel  and 
axle  ?  36.  Describe  a  windlass.  37.  By  what  means  may  the  motion  of 
one  wheel  be  transmitted  to  others  ?  39.  What  is  a  capstan  1  40.  De- 
scribe a  gib  crcuie, 

41.  What  is  a  pulley  ?    Of  what  kinds  ?    Mention  some  of  their  uses. 

44.  What  is  an  inclined  plane  ?    How  is  its  advantage  estimated  ? 

45.  What  is  a  wedge  ?  Its  uses.  46.  Describe  a  screw.  How  is  the 
screw  regarded  ?    47.  Chief  uses  of  the  screw  ? 

48.  By  what  means  may  motion  be  communicated  from  one  axis  to 
another  ?  What  is  a  train  of  wheels  ?  What  is  the  purpose  of  crown, 
bevelled,  and  face  wheels  ?    Describe  the  rack  and  pinion. 

Steam  Engine.  —  Use  of  the  crank  and  connecting  rod  ?  Of  the  fly 
wheel  ?  3.  Describe  the  sun  and  planet  wheel.  4.  What  is  the  use  of 
Watt's  parallel  motion  ?  5.  What  is  an  eccentric  wheel  ?  6.  The  gov- 
ernor 1  7.  Describe  the  steam  boiler.  The  safety  valve.  9.  Use  of  the 
steara  gauge  ?  10.  Use  of  the  water  gauge  ?  U .  The  water  regulator  ? 
What  are  the  respective  peculiarities  of  the  high  and  low  pressure  eocine  ? 

Hydrostatics  and  Hydraulics.  —  1.  What  is  hydrosUMtics  f  What 
is  hydraulics  f  2.  How  do  fluids  difier  from  solids  ?  3.  Difference  be- 
tween liquids  and  gases  1  5.  What  is  the  Jirst  law  or  property  of  fluid 
bodies  ?    Illustrate  this.    The  second  law  ?    The  third  f 

13.  Give  the  rule  for  finding  the  amount  of  pressure  upon  the  bottom 
of  a  vessel  containing  water  1  14.  Upou  what  does  the  pressure  on  the 
bottom  of  a  vessel  depend  ? 

15.  Show  the  vpward  pressure  of  water  by  an  experiment.  18.  Men- 
tion some  fact  in  nature  illustrating  this. 

19.  Rule  for  finding  the  pressure  on  the  side- of  a  vessel  ?    Illustrate. 

21.  What  is  the  centre  of  pressure  in  a  vessel  of  water  ? 

22.  What  is  the  specific  gravity  of  a  body  1  What  is  used  as  the  stan- 
dard of  comparison  1 

23.  What  determines  the  sinking  or  floating  of  a  body  ? 

24.  What  is  the  Jirst  of  the  laws  regrulating  the  pressure  of  fluids  on 
solids  immersed  in  them  ?    The  second  law  ? 

27.  Describe  the  hydrostatic  balance.  Give  the  rule  for  determining 
the  specific  gravity  of  a  solid  body. 

28.  Rule  for  finding  the  specific  gravity  of  a  liquid  9 

33.  Chief  use  of  the- hydrometer  ? 

34.  Why  ^s  nn  iron  vessel  float  in  water  ? 

35.  What  IS  requisite  in  order  that  a  body  may  float  with  stability  1 
Illnstrare  this. 

36.  Explain  what  is  meant  by  capillary  attraction. 

•  37.  What  is  the  law  of  attraction  in  capillary  tubes  1  What  is  th^ 
effect  of  oiling  the  tube  ? 

39.  Explain  the  meaning  of  tndosmoae  and  exosmose. 

Hydraulics.  —  41.  State  the  law  of  the  efflux  of  water  through  an  aper- 
ture in  a  vessel.  42.  To  what  is  the  velocity  proportioned  ?  By  what 
is  this  rule  modified  in  practice  ?  What  difference  in  effect  is  produced 
between  the  use  of  a  short  pipe  and  a  simple  aperture  ?     Ei^lain  this. 

Pmeuuatics.— 1.  What  is  pneumatics?  2.  Height  of  the  atmos- 
phere ?    Why  is  air  believed  to  be  material  1 

3.  Its  resistance  to  motion  ? 

4.  Its  impenetrability  ? 

6.  Evidence  of  its  weight  ? 
44  • 
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7.  To  what  is  the  atmospheric  pressure  equivalent  ?  8.  How  much 
pressure  on  a  square  inch  'f  How  high  a.  column  of  mercunf  will  tlia 
pressure  of  the  atmosphere  sustain  ?  Of  water  t  9.  Show  the  utility  of 
the  atmospheric  pressure  on  our  bodies.  10.  Explain  the  consiraciion 
and  use  or  the  bannneter.  1 1 .  Why  does  water  continue  to  flow  through 
a  siphon  when  put  in  operation  ? 

12.  Explain  the  cause  of  intermitting  spring*. 

14.  By  what  is  the  elasticity  of  air  increased  1  State  the  law  of  elat- 
ticity  of  the  air. 

15.  What  relation  is  there  between  the  density  of  the  air  and  in  hdgfat 
above  the  level  of  the  sea  ? 

16.  How  are  bodies  affected  by  heat?  What  class  of  bodies  are  most 
susceptible  of  this  action  1     What  is  the  cause  of  wind  ? 

19.  What  is  the  purpose  of  an  air  pumpf  Can  a  perfect  yacuftm  be 
produced  by  an  air  pump  ?  Why  does  water  boil  at  a  lower  temperatare 
on  a  mountain  than  at  the  sea  level  f 

21.  Describe  the  construction  of  a  common  lifting  pump.  To  what  limit 
may  a  column  of  water  be  raised  by  the  ascending  piston  1 

22.  Explain  the  .action  of  a  common  forcing  pump, 

23.  Of  what  use  is  an  air  chamhar  in  a  forcing  pump  1 

24.  Advantage  of  a  double-acting  pump  %  25.  How  is  the  fire  engine 
constructed  1 

30.  What  is  meant  by  the  diffusion  of  gases?  81.  Its  use  in  nature ? 
32.  What  do  you  know  of  tHe  Kquefaction  of  gases  ? 

Acoustics.  —  33.  How  is  sound  conveyed  to  the  ear  ?  When  is  Boand 
heard  1  Effect  of  quickly-repeated  impulses  ?  What  constitates  a  tome  f 
What  effects  are  produced  when  a  sonorous  body  is  struck  1  84.  What 
property  is  essential  to  a  sonorous  body?  On  what  does  the  pitch  of  its 
tone  depend  ?    What  constitutes  a  noisei 

35.  What  is  necessary  to  the  transmission  of  sound  1  36.  On  wbat 
does  the  greater  conducting  power  of  the  air  depend  ?  37.  When  a  gm 
is  fired,  what  difference  of  velocity  is  noticed  between  the  flash  and  the 
sound  f  At  what  rate  does  sound  travel  ?  38.  Is  there  any  better  medium. 
than  air  for  transmitting  sound  ? 

39.  How  is  sound  reflected  *? 

40.  What  is  the  cause  of  echoes  ? 

41.  How  may  sound  be  magnified  ?  *  ,     ,      , 

44.  How  are  winds  produced  ?  Explain  the  action  of  iand  and  sea 
breezei.  «   ^  .    ^  • 

45.  What  are  the  three  general  classes  of  winds  ?  Explain  the  tede 
winds;  the  monsoons,  the  variables;  the  sirocco  and  simoom.  46.  What 
velocity  constitutes  a  gentle  breeze  f  A  brisk  gale  f  A  %ft  windf  A 
hurricane  f    Law  of  increase  1 

47.  Why  does  a  balloon  ascend  ? 

Light.  — 1.  Relation  of  light  to  the  eye?  2.  Sonrccs  of  light  1 
3.  What  are  non-luminous  bodies  ?  4.  Division  of  bodies  with  relation 
to  light  ?    What  is  the  characteristic  of  each  1 

5.  Velocity  of  light  ? 
Direction  of  light? 

6.  Law  of  intensitv  of  light  ? 

7.  Two  remarkable  laws  of  light?    Exemplify  each. 

8.  Describe  the  two  theories  pf  the  nature  of  lights 

9.  Law  of  reflection  ? 

10.  Effect  on  light  in  passing  from  one  mediam  to  another?  What 
is  meant  by  the  interference  of  Bght  ?    The  dijffraciion  f 
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11.  State  Ae  three  kinds  of  mirrors.  B7  what  law  are  mirrors  goT- 
cmed? 

12.  'What  is  the  general  effect  of  concave  mirrors  ? 

13.  Where  is  the  principal  focus  of  a  convex  mirror  1  Why  called  the 
pirtual  focus  ?    What  is  the  general  effect  of  convex  mirrors  ? 

14.  State  Uie  law  in  relation  to  the  refraction  of  li^ht.  On  what  does 
the  higher  refractive  power  of  a  medium  depend  ?  What  follows  when 
a  ray  of  light  passes  from  one  medium  to  anpther  of  different  density  ? 
15.  What  when  passing  through  a  plate  of  glass  ?  16.  What  when  pass- 
ing into  and  out  of  a  prism  ?  18.  Describe  the  several  forms  of  lenses ; 
the  parts  of  a  lens.  V 

*19.  What  is  the  focal  distance  of  a  double  convex  lens,  according  as 
the  incident  rays  an- parallel^  diver^rU^  or  conoeryent  t  20.  Of  a  plano- 
convex Itsns  ?    22.  Of  a  double  concave  lens  ? 

23.  What  effect  has  a  convex  lens  upon  the  apparent  size  of  an  object 
seen  through  it  ? 

24.  What  are  diminishing  glasses  1 

25.  Effects  of  spherical  aberration  ?     The  remedy  ? 

27.  Remarks  on  the  eye  ?  Describe  its  various  parts.  Wha(  is  the 
cause  of  short-sightedness  f  What  of  iong-sightedness  9  Uow  do  we  j  udge 
of  the  actual  size  of  an  object  seen  at  a  distance  ?     How  of  the  distance  9 

What  is  meant  by  the  visual  or  optical  angle  9  On  what  does  the  size 
of  the  image  on  the  retina  depend  ? 

28.  What  is  the  purpose  of  a  microscope  1  How  is  this  effect  pro- 
duced ? 

31.  What  is  the  purpose  of  a  telescope  ?    What  two  kinds  are  used  ? 

40.  What  is  a  camera  obscura  ? 
t    41,  What  is  a  magic  lantern  ? 

42.  Give  a  description  of  the  stereoscope. 

Phenomena  of  Color,  —  43.  Of  what  is  a  ray  of  solar  light  composed  ? 
Bow  may  this  be  proved  ?  44.  By  whom  was  solar  light  first  decom* 
posed?  45.  What  distinct  properties  exist  in  the  solar  spectrum? 
Where  is  the  most  luminous,  portion  located  ?  Wheill  the  most  heating 
portion  ?  Where  the  greatest  chemical  intensity  ?  46.  Which  are  the 
three  fundamental  colors  ?  What  do  yon  understand  by  fi  complementary 
ray9 

47.  On  what  principle  does  the  rainbow  depend  ? 

48.  How  is  the  phenomenon  termed  the  mtro^  accounted  for  ? 

49.  What  are  Ados  f 

50.  What  is  double  refraction,  and  how  produced 

51.  Explain  the  polarization  of  li^ht  by  reflection. 
53.  Explain 'the  polarization  of  light  by  refraction. 

Hbat.  —  55.  Remarks  on  heat9  Free  or  sensible  heat  ?  Tempera- 
ture ?  Latent  heat  ?  What  does  the  term  cahric  express  ?  Heat  and 
cold  ?  To  what  laws  is  caloric  subject  1  What  is  one  of  the  most  strik- 
ing effects  of  heat  ? 

56.  Illustrate  the  expansion  of  liquids  bv  heat.    Air.    Solids. 

57.  What  are  some  of  the  sources  of  teat  ?  WiUi  what  is  a  change 
of  volume  in  a  body  always  attended  ? 

58.  Give  illustrations  of  good  and  bad  conductors  of  heat. 

69.  By  what  principle  is  the  radiating  power  of  surCaccs  regulated  ? 

60.  Effect  of  heat  on  liquids,  and  of  cold  on  vapors  ? 

What  is  evaporation  ? 

What  is  meant  by  tbedew  point  1    When  is  the  air  said  to  be  satn* 
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rated  with  moisture  *  When  is  evaporation  csrried  cm  mott  rapidly  t 
What  causes  fog,  mist,  dew,  &c.  1  Upon  what  does  the  absolute  qoftn- 
tity  of  moisture  which  the  air  will  sustain  depend  ? 

61.  Is  heat  or  cold  produced  when  certain  substances  mdt?  Give 
examples. 

62.  What  allowance  should  be  made  in  the  oonatmctioo  of  laige  me- 
tallic structures  ? 

63.  Explain  the  principle  of  the  compensation  pendulum. 

64.  What  is  a  thermometer?  Different  kinds  1  freeing  tempem- 
ture  ?    Boiling  temperature  ? 

65.  In  what  various  ways  Mieat  propagated  ? 

66.  In  what  manner  is  radiant  caloric  thrown  off  from  a  surfiuse?  On 
what  does  the  reflecting  power  of  substances  depend  t  Which  are  tiie 
be8t  reflectors  ?  State  the  general  rule  of  absorption.  What  is  meanl 
by  diathermanons  and  athermanous  bodies? 

Upon  what  does  the  power  of  a  body  to  transmit  heat  depend  ? 
What  is  Leslie's  law  of  radiant  heat  ? 

67.  According  to  what  does  the  propagation  of  heat  in  liqaids  vary  ? 
What  follows  when  heat  is  applied  to  the  mafaa  of  a  liquid  ? 

At  what  temperature  does  water  attain  its  greatest  density  ? 

68.  Remark  on  the  heat  of  the  ocean  9  Yfuf  does  ice  always  form  at 
the  surface  of  the  water  ? 

69.  Remark  on  the  heat  of  the  atmosphere; 

71.  On  what  does  the  mte  of  conduction  in  bodies  depend? 

72.  To  what  is  the  amount  of  free  caloric  in  two  different  qoantitica 
of  the  same  substance  proportional  ?  What  of  equal  weights  <»  cftsstait- 
lar  substances  ? 

What  is  meant  by  the  specific  heat  of  a  body  ?  What  relation  has  the 
density  of  a  body  to  its  capacity  for  heat  ?  What  is  a  tahrimder  f  What 
other  change  attends  a  change  of  volume  in  a  body  ? 

73.  What  is  fasion  f    What  is  vaporization  f    Evaporation  f 

74.  What  number  of  degrees  represents  the  latent  neat  of  steam  1 

76.  What  is  the  cr^phoruB  f 

77.  What  is  an  hygrometer  f 

76.  How  does  the  air  become  warm  ?  Whidi  strata  of  the  atmos- 
phere are  warmest,  and  why  ?.  What  change  takes  place  after  sunset  ? 
When  does  the  earth  radiate  heat  most  fteely  ?  When  is  the  depositioa 
of  dew  most  copious  ?  Why  does  the  gardener  cover  tender  plants  with 
straw  at  night  ?  What  are  considered  as  the  great  causes  of  rain  ?  Uses 
of  evaporation  and  condensation  1  How  may  the  suspension  of  tho 
particles  of  moisture  in  the  clouds  be  accounted  for  f 

Electricity.  —  I .  What  is  electricity  ?  What  are  some  of  the 
means  for  generating  it  ? 

2.  What  are  the  fundamental  facts  of  electricity  ?  What  are  deetrietf 
What  fact  with  regard  to  an  electrifled  body  was  first  made  known  by 
Newton  ? 

3.  General  remarks  on  conductors  and  non>condueton  1  When  is  a 
body  said  to  l^e  insulated  ?  What  substances  are  most  commonly  used 
as  insulators  ?  What  effect  has  dampness  upon  insulators  ?  Which  is 
the  best  insulator,  and  why  ?  Which  are  the  best  conductoi?  of  electri- 
city 1  Is  the  atmosphere  a  conductor  or  a  non-conductor  ?  In  what 
condition  is  rarefled  air  ? 

4.  What  is  an  electroscope  ? 

5.  How  many  kinds  of  electricity  are  there  ?  What  it  the  law  of 
attraction  and  repulsion  ? 
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6.  Does  electrici^pMS  from  one  partof  thesarfaoeof  anojp-condactor 
to  another,  or  does  it  remain  stationarj  *> 

What  is  the  relative  coodiiion  of  the  electrickj  of  the  rubber  and  that 
of  the  body  nibbed  ? 

8.  Explain  the  ose  of  the  terms  potiiive  and  negative. 

What  is  the  theoiy  of  two  fluids  f  The  terms  used  1  Of  what  ate  is 
theory  in  this  subject  ? 

9.  What  is  meant  b^conducfMNir    Bjindtictionf 

12.  Kame  the  principal  parts  of  an  electrical  machine,  and  their  nsee. 
15.  What  are  the  usnal  appendages  to  the  electrical  machine  ? 
18.  Name  some  hcts  relating  to  the  electric  spark. 
«  19.  On  what  does  the  intensity  of  the  elecoic  light  depend  ? 

20.  What  is  the  electric  recoUf 

83.  Upon  what  circumstances  does  the  intensity  of  the  electricity  trans- 
mitted by  the  electrophoms  depend  1  * 
26.  Wbat  is  ditguied  electricity  ? 

21,  Use  of  the  condenser  1 

28.  Explain  the  difierenoe  between  an  eleetroecope  and  an  electrom- 
eter. 

30.  Give  a  description  of  an  electrical  battery.  How  is  it  discharged  ? 

31.  How  is  the  intensity  of  the  electricity  determined  by  a  discharging 
electrometer  ? 

34.  Mention  some  of  the  most  common  nfaysiological  efibcts  of  elec- 
tricity.   What  is  meant  by  an  electrical  skoAt 

36.  Mention  some  of  the  chemical  effects  of  electricity. 

37.  How  is  the  electric  fluid  distributed  witb  regard  to  condnctora  ? 
What  instrument  shows  this  ?  Upon  what  does  the  intensity  of  the 
electricity  depend  in  a  conductor  ? 

38.  By  whom  was  the  identity  of  electricity  and  lightning  discoTered  ? 
Mention  their  points  of  agreement.     Describe  Franklin's  experiment. 

39.  When  is  atmospheric  electricity  generally  positive  ?  When  neg- 
ative? Where  most  intense?  Its  mtensity  m  winter  compared  with 
that  in  summer  ? 

What  is  the  character  of  the  electricity  in  rain  drops  in  a  north  and  in 
a  south  wind  ?  Characterize  the  electricity  of  the  earth  and  the  higher 
regions  of  the  atmosphere.  How  often  does  aerial  electricity  attain  a 
maximum  and  minimum  coitditioni  Describe  its  progress  from  one 
extreme  to  the  other. 

40.  Which  are  the  most  common  electrometeors  ? 

41.  Give  an  account  of  the  aurora  borcalis.    42.  Of  the  waterspout. 
43.  By  what  various  modes  is  electricity  generated  ? 
Maonetism. —  I.  What  metal  is  alone  attracted  by  magnetism? 

What  are  the  substances  possessing  the  magpoetic  property  called  ? 

Of  what  two  kinds  are  magnets  ?  What  are  natural  magnets  ?  Ori- 
gin of  the  name  ?  What  are  artificial  magnets  J  Mention  the  different 
sorts.    What  constitutes  a  magnetic  battery  ? 

Where  in  a  bar  magnet  does  the  power  chiefly  reside  ?  How  are  the 
extremities  of  a  magnet  di^ngnished  ? 

What  is  one  of  the  most  remarkable  properties  of  the  ma^et  ? 

2.  Show  the  reciprocal  attraction  between  a  magnet  and  iron.  What 
effect  is  produced  by  interposing  wood,  glass,  or  copper  between  the 
magnet  and  iron  ?  How  is  magnetism  distributed  throughout  a  mag- 
netised bar  ?  Where  are  the  poles  and  the  naatral  point  respectively 
sitoated  ? 
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3.  What  is  the  diredipe  polnrity  of  the  magnetic  needle  ? 

What  is  the  magnetic  meridian  1  Does  it  coincide  with  the  geopvph- 
ical  meridian  ?  What  is  the  difference  between  them  called  ?  is  the 
declination  uniform  in  all  places  ? 

5.  State  the  law  of  magnetic  attraction.  How  are  the  poles  distinr 
gaished  ? 

6.  What  is  the  effect  of  breaking  a  magnet? 

7.  State  the  theory  of  magnetism.  Mention  some  of  the  phenomena 
of  magnetism. 

8.  What  is  the  law  of  the  aUractivefimx  of  the  magnet  ? 

9.  What  is  magnetic  conduction  f    What  is  magnetic  induaim  f 

12.  Describe  the  property  called  the  dtp  of  the  needle.  Is  the  angle  ef 
the  needle's  dip  uniform  at  all  places  on  the  earth  1 

16.  What  are  the  requisites  in  the  quality  of  steel  for  making  mag- 
nets? What  is  necessary  in  the  form  and  dimensions  of  artificial 
magnets  ? 

1 7.  How  may  a  soft  iron  bar  be  rendered  magnetic  ? 

Which  it  the  most  powerful  means  of  rendering  bodies  magnetic  ? 

18.  How  is  the  earth  to  be  regarded  in  order  to  account  for  the  direc- 
tive and  dipping  properties  of  the  needle  ?  Which  of  the  magnetic  poles 
of  the  earth  is  the  positive  pole  ?  What  is  the  situation  of  the  terrestrial 
magnetic  pules  ? 

What  are  isoclinic  lines  ?    With  what  do  they  coincide  ? 

19.  To  what  variations  are  the  earth's  magnetic  powers  subject* 
How  indicated  ?  Characterize  the  regular  variations.  Which  of  the  sec- 
ular variations  has  been  mo.it  observed  ?  With  what  are  the  irregular 
magnetic  variations  connected  ? 

22.  What  is  Ampere's  theory  of  magnetisin  ?' 

Voltaic  Electricity. —  1.  How  is  voltaic  electricity  prodnced? 
By  whom  was  it  Urst  observed,  and  under  what  circumstances  ?  How 
did  Galvani  account  for  it  ?    How  did  Volta  account  for  it  ? 

2.  Describe  the  voltaic  pile.  Describe  the  Cowronne  de  Tosses,  or  Ybl- 
ta's  battery.  ' 

8.  What  is  a  voltameter  ?    What  three  kinds  are  in  use? 

9.  What  is  considered  as  one  of  the  most  important- features  of  voltaic 
electricity  ?  What  remarkable  fact  is  connected  with  voltaic  decomposi- 
tion ?  Uow  are  the  constituents  of  water  disposed  after  decomposition  ? 
AVhat  system  is  based  upon  this  fact  ?  What  is  the  electrical  state  of 
the  elements  which  are  attracted  by  the  positive  pole  ? 

10.  Upon  what  do  the  arts  of  electrotyping  and  electroplating  depend  ? 

1 2.  How  may  decomposition  be  impeded  or  arrested  by  voltaic  elec- 
tricity ? 

13.  Give  instances  of  the  luminous  and  heating  effects  of  voltaic  elec- 
tricity. Upen  what  does  the  temperature  to  which  a  conducting  wire 
will  be  raised  by  a  battery  depend  ? 

Upon  what  does  the  caloritic  effect  depend  ? 

14.  State  some  facts  in  relation  to  the  physiological  effects  of  roltaic 
electricity.    Upon  what  do  these  effects  seem  to  depend  ? 

KlectrO'Dykamics.  —  1.  Explain  the  construction  of  the  right  and 
left-handed  helices.  How  should  helix  wires  be  prepared  ?  State  the 
facts  in  connection  with  a  needle  magnetized  by  a  nght-handed  and  a 
left-handed  helix. 

2.  What  is  an  electro-magnet  f  How  long  will  an  electro-magnet  retain 
the  magnetic  property  ? 
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7.  State  the  fire  general  laws  of  electro-dynamic  action. 

10.  State  the  two  laws  according  to  which  electric  currents  act  upon 
each  other. 

What  are  the  laws  respecting  angalar.carrcnts  ?     • 

Electro-Dynamic  Induction. — 12.  Who  first  discovered  the  laws  of 
electro-dynamic  induction?  What  did  he  demonstrate?  When  does 
the  induction  of  the  current  act  ?  • 

16.  What  is  thermo-electricity  ?    Give  examples. 

1 8.  What  are  dia-magnetic  bodies  ? 

19.  Describe  the  electro-magnetic  telegraph. 

20.  What  are  the  peculianties  of  Morse's  telegraph  ?  21.  Of  Bain's  ? 
22.  Of  House*s? 

Chemistry.  —  1.  Of  what  does  the  science  of  chemistry  treat  ?  How 
many  elementary  substances  are  there  ?  Difference  between  a  simple 
and  a  compound  substance  ?  2.  How  are  the  elementary  substances 
divided  ?    Name  those  of  each  class. 

4.  Mention  the  various  kinds  of  attraction. 

9.  How  does  chemical  affinity  differ  from  all  other  kinds  of  attraction  ? 
By  what  are  all  chemical  changes  produced  ?  When  does  combination 
take  place  ?    When  decomposition  ? 

10.  Is  any  thing  in  nature  over  destroyed  or  annihilated  ? 

11.  Characterize  aci'cb.    Alkalies, 

12.  What  is  a  solution  ?    How  is  the  process  of  solution  accelerated  ? 

13.  How  19  carb(m  obtained  ?  What  is  the  product  of  the  combustion 
of  charcoal  ?     Characterize  carbonic  acid  gas. 

14.  Describe  hydrogen.    Where  found  ?     Characterize  hfdrogen, 

15.  Composition  of  the  atmosphere  1  What  takes  place  m  the  process 
of  breathing?  Characterize  oxygen.  Characterize  nitrogen,  Belation 
of  oxygen  to  plants  and  animals  ? 

16.  What  is  ammonia?    Where  found? 

17.  What  is  nitric  acid? 

18.  Give  a  description  of  the  atmosphfl||,    What  are  its  constituents  ? 

19.  Where  is  native  sulphur  obtained  ?W4th  what  metals  is  it  found 
in  combination  ?    Which  is  the  most  important  compound  of  sulphur  ? 

20.  Characterize  phosphorus. 

21.  Characterize  iodine.  .  From  what  is  it  obtained  ?    Chief  use  ? 

22.  Characterize  chlorine.    Use  of  chlorate  of  potassa? 

23.  Characterize  hydrochloric  acid. 

^  24.  From  what  are  potassa  and  soda  formed  ?  Why  called  ^eti  alka- 
lies ?    In  what  does  potassa  largelv  exist  ? 

25.  In  what  various  forms  does  lime  exist  ?  Its  relation  to  soils  ?  Its 
uses  in  agriculture  ?    What  is  the  metalli<fbasc  of  lime  ? 

26.  Characterize  magnesia. 

27.  Characterize  alumina. 

Of  what  is  pure  clay  composed  ? 

28.  Characterize  silica.    What  is  its  base  ? 

29.  In  what  forms  does  iron  exist  in  nature  ? 

30.  In  what  states  does  copper  exist  in  nature  ? 

31.  Common  native  form  of  lead? 

32.  Most  common  salt  of  chrome  f 

33.  In  what  state  is  mercury  found  ? 

34.  Remark  on  zinc. 

35.  Characterize  Bitver.    36.  Gold.    37.  Platinum. 

38.  What  is  the  doctrine  of  chemical  equiraients  ?    Give  examples. 
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40.  What  is  taken  as  the  symbol  of  a  simple  substance  ?  What  doa 
the  Moaw  of  a  compound  indicate  1    Examples  ? 

65.  Of  what  does  the  organic  part  of  plants  consist  1  Of  what  ths 
inorganic  f    Is  their  proportion  uniform  ? 

66.  Effects  of  different  kinds  of  plants  upon  the  inoi^ganic  matter  of 
soils  1     State  facts  in  illnstration  of  this. 

67.  What  shows  the  necessity  for  manuring  soils  % 

68.  Which  are  the  most  abundant  compound  oiganic  substances  in 
plants  ?  Their  constituents  ?  By  what  circumstances  are  most  vege- 
table compounds  characterised  1  What  are  these  distinct  compoamis 
called  ? 

69.  What  is  a  singular  fact  with  regard  to  lignine,  stardi,  gum,  sod 
sugar? 

What  is  catalgsis  f 

70.  What  does  fermenlalim  signify  ?  What  is  the  result  of  the  fer- 
mentation of  taccharint  matter  ? 

71.  What  is  acetous  fermentation  ?  What  purpose  docs  yeast  serre  in 
fermentation  ? 

72.  Which  are  the  roost  common  yegetable  acids  t 

73.  Give  an  account  of  the  process  of  germination. 

74.  Which  parts  of  a  plant  are  essential  to  its  growth  *  I>escnbe  the 
trunks  or  stem.  The  roof.  The  Uaf,  In  what  other  way  does  a  plant 
receive  carbonic  acid  ? 

75.  What  must  the  food  of  plants  contain  ?  Wfatt  aubstanoes  afford 
this  food  ?    Effects  of  li^ht  and  heat  upon  pUints  ? 

76.  Composition  of  soils  ?  Whence  is  the  oiganic  part  derived  ?  Whai 
is  humus  f 

77.  Of  what  does  the  inorganic  part  of  soils  consist  ?  Chamcteri» 
the  saline  soluble  substances  ;  also,  the  earthy  insoluble  substances. 

78.  What  constitutes  a  sandg  soil  ?  A  loamy  soil  ?  80.  What  marif 
Calcareous  soil  ? 

83.  Origin  of  soils  ?  ^ 

84.  Sute  some  of  the  mechanical  properties  of  soils.  65.  Effirats  of 
heat  on  clay  and  peat  1  86.  Of  what  advantage  is  the  absorbent  power 
of  clay  1    87.  Necessity  for  warmth. 

89.  'State  facts  with  reference  to  the  chemical  properties  of  soils. 

90.  Importance  of  a  due  proportion  of  the  essential  elemenu  of  a  fer- 
tile soil  ? 

91 .  How  may  land  be  improved  ? 

92.  Remark  on  draining  f  93.  On  ploughing  f  94.  On  swbsoil,  sod 
deep  jUoughing  f 

95.  Name  the  three  classei  of  mannres.  96.  What  are  the  purposes 
of  vegetable  manures?    Remaiks  on  green  manures  ?    On  drjf  manures  1 

98.  Characterize  animal  manures.  What  is  the  important  constituent 
of  gmno  t    Which  portion  of  manures  is  most  valuaole  ?     Why  1 

100.  Most  important  of  mineral  mannres  ?  Mention  some  of  its  oses. 
What  other  minerals  are  used  as  manures  f 

101.  Give  instances  of  the  use  of  special  manures.  103.  Advantsges 
of  mixed  saline  manures  ? 

103.  Relation  between  the  soil  and  the  plant  to  grow  from  it?  £ff^< 
of  growing  a  particular  species  of  plant  on  a  soil  ?  Effect  of  a  succes- 
sion of  crops  ?    Example  ?    Role  ? 

104.  What  is  meant  by  /allowing  t 

105.  Remark  on  irrigatioa  ? 
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